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ABSTRACT

The Deadwood farmation includes all of the pre-~Winnipeg
sedimentary rocks of North Dakota, which range in thickness from an
erosional edge in the subsurface of eastern North Dakota to at least
1,000 feet in northwestern North Dakota, It is composed of sandstone,
shale, and carbonates of Late Cambrian to Early Ordovician age, Wells
which heve penetrated complete sections of the Deadwood formation are
linmited to the eastern half of North Dakota with the exception of a few
wells in northwestern North Dakota and a few wells near the borders of
the state in adjacent states and provinces, Therefore, facies relation-
ships are not entirely clear, but sedimentation appears to have been
continuous from Late Cambrian to Early Ordovician time, sc a further
division of the pre-Winnipeg sedimentary rocks into Late Cambrian and
Early Ordovician formations, thus restricting the Deadwood formation
to rocks of Late Cambrian age, is not feasible,

Conodonts were obtained from the upper part of the Deadwood
formation from three wells in northwestern North Dakota, These conodonts
are brownish-black in color, rather than the usual amber color, and are
mostly simple cone types (Distacodidae), although a few compound forms
such as Coleodus simplex Branson and Mehl and Neocolesodus sp, are also
present, This fauna is not closely allied to any previously described
fauna, but it is probably of Early Ordovician age based on the predominance
of the Distacodidae,

Vi

The Wimnipeg formation consists of sandstons, shale, and
siltstons, which range in thicknsss from an erosional edge in the
subsurface of southeastern North Dakota t0 a maximum of 357 feet in
northwestern North Dakota, The Winnipeg 1ies unconformably on the
Deadwood farmation except in northwestern North Dakota, where it may
lie conformably on the Deadwood formation, and in northeastern North
Dakota, where it lies nonconfarmably on Precambrian rocks, It is
overlain conformably by the Red River formation,

The Winnipeg formation is divided into three members which are,
in ascending order: 1) Black Island member, composed of very fine to
medimm-grained, clean, quartsose sanistons; 2) Icebax member, compossd
of greenish-gray, non-calcareous shals; and 3) Roughlock member,
composed of light greenish-gray to very light gray, calcareous siltstone,
very fins-grained sandstone, and calcareous shale,

The Winnipeg formation is Middle Ordovician in age, based on
comparisons of the conodont fauna of the Winnipeg formation to Middle
and Late Ordovician conodont faunas of the Upper Mississippi Valley,
These comparisons show that the lower part of the Icebax member contains
a fauna similar to the Glenwood formation, the middle and upper part of
the Icebax member contain & fauna similar to the Decarah formation, and
the Roughlock fauna resembles the Decarah fauna more closely than that
of the Galena formation, Therefore, the Black Island member is probably
Chazyan, the Icebox member is Blackriveran to lower Trentonian, and the
Roughlock member is Trentonian,

- vii -



INTRODUCTION

General Introduction

The pstroleum industry has been mainly interested in rocks of the
Madison group (Mississippian) in North Dakota because about 98 per cent
of the oil produced in North Dakota to date has been produced from
these rocks, However, recent development has proved increasing reserves
of petroleum in rocks of Devonian and Silurian age, and minor amounts of
oil have been produced from the Red River formation of Ordovician age,
Although no commercial production has been obtained from pre-Red River
sedinentary rocks, oil shows have been reported from these rocks in two
areas of the state; and Lower Paleozoic rocks will undoubtedly becoms
increasingly important in future petrolsum exploration in North Dakota.
Therefore, it is the pwrpose of this paper to present detailed lithologic
desoriptions of the pre-Bed River sedimentary rocks of North Dakota, to
show the facies relationships of these rocks, and to show the correlations
of the lithologic units from the subsurface of the Williston Basin to
the areas of outcrop on the margins of the Basin.

Since pre-Red River sedimentary rocks do not crop out within the
state of North Dakota and the previous nomenclature for these units has
been extended from the outcrop areas of Manitoba and South Dakota, parts
of adjacent states and provinces were included in the area studied. The
location of these outcrop aress with respect to North Dakota and the

Williston Basin is shown on the genersl outline map (Fig. 1) of the area,
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Figure 1 - Map showing the location of the Williston Basin and the

areas of outcrop of the pre-Red River sedimentary rocks in Manitoba
and South Dakota




Previous Work
Manitobas

The term Winnipeg sandstone was first used by Dowling (1895, p.66)
in reference to the rocks underlying the Ordovician limestones and over-
lying the Precambrian rocks in the Lake Winnipeg area of Manitobs, He
did not designate a type section and none has since been designated
because no one has found a complete section of the Winnipeg formation
exposed at any one locality. Dowling (1900, p. 5L) gave descriptions
from field notes of Tyrell of parts of the Winnipeg formation which are
exposed on Deer, Black, Elk, and Big (now Hecla) Islands and from Grind-
stone Point in the Lake Winnipeg area, Dowling estimated the thickness
of the Winnipeg formation to be about 100 feet in this area and assigned
a "Black River® age to the Winnipeg formation. This age assignment was
based partly on lithologic similarity of the Grdovician section of
Manitoba to the Ordovician section of southeastern Minnesota and partly
on the few fossils which he found.

Wallace and McCartney (1928) made textural and heavy mineral studies
of the sandstone of the Winnipeg formation., They found that heavy
minerals constitute less than one per cent of the sample and are composed
mainly of very stable minerals, Kerr (1949) listed wells which had
penetrated the Winnipeg formation in Manitoba and gave lithologic deserip-
tions of cuttings from these wells. Macauley and Leith (1951, p. 1462)
briefly summarized the fauna of the Winnipeg formation in Manitoba and
concluded that it is probably Late Ordovician in age based on the similar-
ities of the Winnipeg fauna to those of the overlying Red River and
Stony Mountain formations.

Baillie (1952, p. 7) divided the Winnipeg formation of the Lake
Winnipeg area into two units. He said,
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The basal unit consists of pure fine-grained well-sorted
unfossiliferous friable quartzose sandstone and is at least

k5 feet thick. The upper unit is composed of bluish-green

fossiliferous shale that contains thin hard sandstone beds,

and sandstone that contains numerous shaly partings, The

upper unit is about 35 feet thick.

He included in his report ten measured sections and a compilation of
the faunal lists for the Winnipeg formation of Manitoba., Baillis was
uncertain whether the Winnipeg formation is Mohawkian or Cincinnatian
in age.

Genik (1951, unpublished thesis), working in the outcrop area of
Manitoba and in the subsurface of the Williston Basin, divided the
Winnipeg formation into three members which he named in ascending order:
Black Islend, Grindstone Point, and Deer Island members. Subsequently
Kupsch (1953, p. 11) used Genik's three member terminology for the
Wimipeg formation of the east-central Saskatchewan outcrop area, ILater,
Genik (1954, p. 1) divided the Winnipeg formation into two members,

The basal unit, termed the Black Island member, consists of

white to grey sandstone with local interstratified greenish

shale and rare limey strata, The Black Island member ranges in

thickness from a few to more than 300 feet. The upper unit,

termed the Deer Island member, consists of interbedded grey sand

and greyish green to slightly purplish fossiliferous shale and

minor limestones., The Deer Island member ranges in thickness

from a few to more than 250 feet,
Thus Genik used the terms Black Island and Deer Island members as equiva-
lent to the basal and upper units of the Winnipeg formation as defined
by Baillie, but Gemik's (1954) Deer Island member is equivalent to
Kupsch's Grindstone Point and Deer Island members. Although Genik (195L)
applied the terms Black Island and Deer Island members throughout the
Williston Basin his definitions of these members in the subsurface were

rather sketchy. It appears from his isopach maps that, in central North
Dakota, where he shows a thickness of over 40O feet for the Winnipeg
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formation that his Black Island msmber actually included a considerable
thickness of pre~Winnipeg rocks, Therefore, if these terms are to be
used in the subsurface without confusion, they must be more clearly
defined,

Macauley (1955, pe L49) reviewed the usage of the term Wimmipeg
sandstone and formally defined the Winnipeg formation as "The shale
and sandstone section which underlies the Red River formation and over-
lies the Precambrian complex in Manitoba,® He did not designate a type
section, but he suggested that the California Standard Daly No, 15 - 18
well, located in lsd 15, sec, 18, T, 10, WPM, might be used as the type
well, or that the Union Aanstad No, 1 well, located in the NW 1/} sec. 29,
Te 158 No, Ry 62 W,, Ramsey County, North Dakota, might be a better well
since much of the shale and sandstone was cared in that well, Macauley
considered Genik's member namss unnecessary and merely divided the
Wimnipeg formation into two units, a basal sandstone facies and an
overlying shale faciss,

Macauley (1952, unpublished thesis) described 33 species of macro-
fossils from the Winnipeg formation, Brachiopods, corals, and cephalopods
are most common, but a few species of gastropods, bryozoans, pelecypods,
and trilobites were also described, Most of these species have a reported
range from Middle to Upper Ordovician, but some of these specles have
been listed as Middle Ordovician species (Shimer and Shrock, JSLL) s« Zes
Hsllopora multitabulata (Ulrich), Rhinidictya mutabilis (Ulrich),
Climacograptus typicalis Hall, and Cyclospira bisulcata (Emmons),
However, Macauley considered the Winnipeg faunma to be younger than the
Stewartville fauna (Trenton) of the Upper Mississippl Valley and
introductory to the Red River fauna, One example which he presented to
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support this idea concerned the genus Streptelasma, He thought that
a new Winnipeg species of Streptelasma was & more advanced form than
Streptelasma corniculum Hall of the Stewartville, but less advanced

than Streptelasma profundum (Conrad) or Streptelasma robustum (Whiteaves)

of the Red River formation.

Macauley (1955, p. 52) placed the Winnipeg formation in the Upper
Ordovician for the following reasons:

The Winnipeg contains a fauna which is present throughout

the entire Manitoba OGrdovician and also throughout the Mohawk-

ian of Minnesota and Illinois. The Red River contains s in

addition, a large fauna, especially cephalapods, which was

derived from the present Arctic area.

L] . * L] L] . » L] L] . L] . L] L L] . . L] * * L]

The numerous species in the Winnipeg, which are also commo

to the Middle Grdovician of Minnesota and Illinois and to the

remainder of the Manitoba Ordovician, should be considered as

ranging throughout the Middle and Upper @rdovician and are
diagnostic of that time interval, The presence of Upper Crdo-
vician fossils throughout the Manitoba Ordovician indicates

& Richmondian age for the Winnipeg, Red River and Stony Moun-

tain formations, even though forms previously considered as

diagnostic of Trenton are also present,

Fleming (1957) presented an isopach and structure map of the
Winnipeg formation in Manitoba,

Andrichuk (1959) made a study of the Lower Paleozoic rocks of southern
Manitoba. He (1959, p. 2349) noted a sand body in the upper part of the
Winnipeg formetion in the vicinity of Carmen, southwest of Winnipeg,
Manitoba, which is "up to 90 feet thick, averaging 30 miles wide and
more than 125 miles long." Andrichuk rejected the two member subdivision
of previous writers and arbitrarily separated an fupper 100 foot slice®
from the basal section of the Winnipeg formation to show the distribution
of upper and basal sandstones of the Winnipeg formation. He considered
the Lake Winnipeg outcrop section to be included in his "upper slice";

because the surface section is less than 100 feet thick, and it is composed
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predominately of sandstone.
South Dakotas

The term Deadwood formation was first used by Darton (1901, p. 505)
in reference to the Cambrian rocks of the Black Hills area of South Dakota,
Darton used the term as though Jaggar (1901) had previously defined
the Deadwood formation, Jaggar (1901, p. 176-181) had referred to
Cambrian rocks with # type locality at Deadwood, South Dakota, but he
did not use the term Deadwood formation in his report.

Darton (190L, p. 382) assigned a Middle Cambrisn age to the Deadwood
formation based on faunal studies by Walcott and gave the following
generalised description of the Deadwood formation of the Deadwood, South
Dakota areas

20 to 45 feet of green shale
5 to 12 feet of hard, massive sendstone
200 to 4OO feet of gray shales with layers of flaggy limestone,
limestone conglomerate and sandstons
30 feet of coarse, dark brown sandstone
30 feet of basal conglomerate
Darton and Paige (1925, p. 6) gave the following description of the

type section of the Deadwood formation on Whitewood Creek below Deadwood,

South Dakotas
Feet
Sandstone, buff and gray, slabby, with fucoids; overlain
by Whitewood limestone 20
Shale, olive green, soft and flaky 25

Sandstone, white, quartzitic; contains annelid trails and
borings [Skolithos quartzite]

Sandstone, red, mors massive in upper portion, with inter-
bedded green shale and dolomite breccia; contains much
glauconite and many fucoid markings 100

Limestone, flaggy, dolomitic, gray, with scattered lenses
of flat-pebble limestone conglomerate; interbedded
with green fissile shale 220

Sandstone, red, limy, and soft brown shale 17

Sandstone, brown to buff, quartzitic above, cross-bedded
in places; 3 inches of conglomerate of quartz pebbles
and green shale, with fragments of Gbolus shells, at
the base; lies unconformably on schist Eg_i_

9
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After a re-examination of the faunal evidence, Darton and Paige assigned a
late Cambrian age to the Deadwood formation.

Meyerhoff and Lochman (193, p. 99) reported a Crepicephalus faunal
zone (Dresbachian stage) L8 feet above the base of the Deadwood formation
in Whitewood Canyon. Continuing their studies (1935, p. 352) they
reported five Upper Cambrian faunal zones from the Deadwood formation
of the northern Black Hills, but no horizon higher than the Crepicephalus
sone in the southern Black Hills. The same writers (1936, p, 386)
reported seven faunal zones of the Croixian series including five zones
above the Crepicephalus zone from the Deadwood formation in South Dakota
and eastern Wyoming,

Furnish, Barragy and Miller (1936) reported scoleéodonts and cono~-
donts from the siltstone (sandstone of Darton) and shale units overlying
the quertzitic sandstone ("Scolithus quartzite" of writers) in the upper
part of the Deadwood formation at the type section. They found mo other
fossils than Sholithos}/ » usually spelled Scolithus, in the quartzitic
sandstone beds. Furnish, Barragy and Miller assigned a "Middle (?)
Ordovician" age to the shale and silistone units overlying the quartzitic
sandstone beds and transferred these units from the Deadwood formation
to the overlying Whitewood formation. They did not transfer the quarte
zitic sandstone unit because they noted that:

It is difficult to "draw a line" between the Scolithus and
the underlying beds, Near Deadwood, where the entire member is

exposed in a fresh roadecut, quartzitic beds with "worm borings"
seem to grade into underlying sandy beds.

1/ Bowell (19L40) has pointed out that the original spelling by Haldeman (1840)

was Skolithos. According to Article 19 of the Rules of Zoologi

gical Nomencla-
ture the original orthography of a name should be retained unless an error
is evident. Therefore the original spelling is herein retained.

-8 -



They also noted that the contact with the overlying green shale is
abrupt. They suggested that the reddish color and silicification of
the quartzitic sandstone below might be "the result of a period of
exposure,” Therefore, they left the quartzitic sandstone in the Deadwood
formation.,

The Deadwood formation had been considered to be Late Cambrian in
age until Lochman and Duncan (1950, p. 351) reported early Lower Grdo-
vician trilobites from the upper part of the Deadwood formation in

Spearfish Canyon in the northern Black Hills, South Dakota.

LITHOLOGY DARTON,| DARTON | FURNISH MC COY, | BUTLER, CARLSON,
Composite Section (1901,1904,! and PAIGE,| BARRAGY and  (1952) | and others| (1959, This
1909 ) (1925) MILLERJI936] (1955) Poper)

Limestone, light gray to

buff, mottled, medium WHITEIWOOD FORMATION

crystalline, dolomitic,

Siltstone, buff and light Roughlock (D) Roughlock
gray, slightly argill, formation member
Thickness 15 to 30 feet.

Shale, olive green to
greenish gray, soft,
Thickness 25 to 70 feet,

Lcebox
formation (C)

Icebox
member

WINNIPEG FM,

Sandstone, fine- to medium
grained, moderately well
sorted, rounded to sub- Aladdin (®)
angular, quartzitic; sandstone
contains Skolithos.
Thickness 12 to 25 feet,

Limestone, limestone cgl,,
shale and sandstone, (a)

Limestone, sandstone and

;:::f’ conglomerate at DEAD WOOD FOR MAT'ON

Thickness 4 to 500 feet.

. Figure 2 - Chart showing history of nomenclature applied to Cambro-
Ordovician section of the Black Hills area, South Dakota.

McCoy (1952, pe LS) named the siltstone unit underlying the
dolomitic limestone of the Whitewood formation, the Roughlock formation,
He designated the type section as the section several hundred yards up
the canyon wall in Spearfish Canyon, 2.4 miles above Maurice, South
Dakota, The Roughlock formation is about 25 to 30 feet thick in the
northern Black Hills area, McCoy's description of the Roughlock forma-
tion is as followss

The lower parts of the Roughlock formation are composed of
moderately argillaceous quartzose siltstone. The middle beds
become a very pure type of quartzose siltstone to a fine-grained
sandstone. The contact with the Whitewocod dolomite above is
conformable and gradational,

The shale unit underlying the Roughlock formation and overlying the
quartzitic sandstone unit was named the Icebox formation by McCoy (1952,
Ps 45). The type section, as designated by McCoy, is located in secs.
14 and 23, T, 5 N., R. 3 E., about 1/2 mile west of the junction of U, S.
Highways 1LA and 85, Lawrence County, South Dakota. He reported a thick-
ness of 30 to LO feet for the Icebox formation in the northern Black
Hills outcrop area and, his deseription of the Icebox formation ia as
follows:

The Icebox beds are lithologically a silty shale, greenish-gray
to olive in color, usually fissile but occasionally splintery to
platy, soft non-effervescent and characterized in the upper part
by black phosphatic nodules several millimeters in diameter,

McCoy (1952, pe 46) placed the Icebox formation in the Blackriveran stage
and the Roughlock formation in the Trentonian stage based on the micro-
fauna, but no discussion of the microfauna was given., The term Aladdin
sandstone was proposed by McCoy (1952, p. U6) for the quartzitic sandstone
unit underlying the Icebox shale. The type section, as designated by

McCoy is in sec. 1L, T. 52 N., R, 63 W., in the Bear Lodge Mountains,

Crook County, Wyoming, His description of the Aladdin sandstone is as follows.
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The Aladdin sandstone is a quartsitic type sandstone which

is occasionally calcareous., It is commonly 12 to 25 feet

thick, Cross-bedding is common., Its textural characteristics

may be described as hard, fine to medium-grained, moderately

well-sorted, moderately porous, subangular to subrounded with

good cementing.
McCoy interpreted the enviromment of deposition of the Aladdin sandstone
as a marine sandstone except for a thicker section of reddish sandstone
at Nemo, South Dakota, which he thought represented a deltaic deposit.

Butler, and others (1955, p. 38) rejected the names proposed by
McCoy, but used the same rock units, giving them informal letter desig-
nations, and referred to these units as members of the Whitewood formation.
They( also included 20 feetb of limestone, limestone pebble conglomerate,
ahalle and sandstone, underlying the Aladdin or quartsitic sandstone beds
in the Whitewood formation, thus limiting the Deadwood formation to rocks
of Late Cambrian age. They then correlated the quartzitic sandstone and
_the underlying beds to the basal sandstone of the Winnipeg formation of
the subsurface, the shale unit to the shale section of the Winnipeg
formation in the subsurface, and the siltstone unit as a possible equivalent
of the lLander sandstone of Wyaming.

Carlson (1959, p. 25) first applied the name Winnipeg to surface
sections in South Dakota, and considersed the Icebox and Roughlock as
members of the Winnipeg formation, '
Subsurfaces )

The first oil czplornﬁory well to penetrate the Winnipeg and older
rocks in North Dakota was the Glenfield Gil Company well drilled in 1928,
and located in the SE 1/L sec. 18, T. 146 N., R. 62 W., Foster County.

Laird, (1941) published sample descriptions of selected deep wells
in North Dakota which included three wells penetrating the Winnipeg

formation, Two of these descriptions were of water wells, one at Grafton,
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drilled in 1885 and one at Hamilton, drilled in 1889, both located in
northeastern North Dakota, The log of the Grafton well has 155 feet of
gray, greenish-blue, and dark red shale which was designated Winnipeg
and three feet of white sandstone which was called "Deadwood(?)"
overlying gray granite (Laird, 1941; correlated by Kline), In the
Hamilton well, 130 feet of blue shale was designated Winnipeg and five
feet of white sandsione was correlated as "Deadwood (?)" overlying blue
granite (Laird, 1941; correlated by Kline). Thess descriptions had been
published previously (Upham, 1895, p. 77; Simpson, 1929, p. 2h6; and
Barry and Melstad, 1908), but this was the first time that the term
Winnipeg formation hed been applied to these rocks in northeastern ’North
Dekota, Also ineluded in this report was a description of cuttings from
the Glenfield well by the late J. B. Reeside, Jr., in which Reeside
referred to the Winnipeg section as "pre-Richmond (?) Paleoczoic." Kline
(1942, p. 361) published sample descriptions of the Glenfield well in which
she referred to the bottom 1L6 feet of sedimentary rocks as questionable
Deadwood formation overlain by 130 feet of Winnipeg formation, Seager,
and others, (1942, p. 1L23) in a discussion of Kline's paper expressed the
oplnion that what Kline referred to as questionable Deadwood-Cambrian was
actually Ordovician in age based on regional stratigraphic relationships
and faunal evidence from the Carter ¢il Company - Northern Pacific No. 1
well in Fallon County, Montana, '

Towse (1952, p. 6) followed the usage of Seager, and others, (1942)
and placed all of the pre-Red River sedimentary rocks of south-central
North Dakota in the Winnipeg formation of Grdovician age.

Laird and Towse (1953) divided the pre-Red River sedimentary rocks
of North Dakota into the Winnipeg (Grdovician) and Deadwood (Cambrian)
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formations, but they were uncertain as to the areal extent of the Dead~
wood formation, They stated, however, that the Deadwood formation was
definately present in the southwestern part of the etate and possibly
extended to easte central North Dakota,

The North Dakota Geologicel Society (195k) divided the pre-Red River
sedimentary rocks into three formations, At the base, they recognized a
unit composed of shale, limestone, sandstone, and dolomite which range
in thickness from O to 500 feet as the Deadwood formation of Cambrian
ages Overlying the Deadwood formation, they recognized an unnamed farme
ation composed of limestons, sandstone and shale of "Lower Ordovician (?)
age® which ranges in thickness from O to 350 feet, They limited the
Winnipeg formation to the sandstone and shale section overlying the
unnamed formation and underlying the Red River formation,

Stocker (1956, p. 113) divided the pre-Red River sedimentary rocks
of North Dakota into two formetions, the Winnipeg and Deadwood, He agreed
with the North Dakota Geological Society definition of the Winnipeg formaw
tion and then divided it into three members: an upper Winnipeg sandstone,
a middle Winnipeg shale, and & lower Winnipeg sandstone, He referred to
all of the pre-Winnipeg sedimentary rocks as the Deadwood formation of
Cambrian e possibly Cambro - Ordovician age,

Porter and Fuller (1959) referred to all of the pre-Red River sedie
mentary rocks of the Williston Basin as comprised of the Winnipeg and
Deadwood formations, They assigned a Late Cambrian to Early Ordovician
age to the Deadwood formation and a Middle to Late Ordovician age to the
Winnipeg formation,

The paleontology of the pre=Red River sedimentary rocks of the sube
surface of the Williston Basin has received little study, therefore, the
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age assignments of these rocks has been based largely on correlations of
these rocks with the surface sections on the margins of the Basin, This
approach has not been conclusive because the subsurface sections represent
a more complete geologic record than does either of the outcrop areas

and the age of some of these rocks in the surface sections are a subject
of controversy.

The limited subsurface faunal studies began with Decker (1942, p. 123),
who reported some graptolites from a core of the "Winnipeg" shale from a
well in Harding County, South Dakota. Based on these graptolites, he
correlated the shale with the Viola formation (Middle Ordovician) of
Oklahoma,

Seager, and others, (1942, p. 1422) divided the pre-Red River section
in the Carter 0il Company - Northern Pacific No. 1 well, Fallon County,
Montana (Well H, Fig. 1) into 605 feet of Ordovician rocks and 219 feet
of Cambrian rocks. They said the Ordovician rocks consisted Mof inter-
bedded green, sandy shale, sandy shaly limestone and sandstone." This
Section was considered to be Middle Ordovician on the basis of conodonts
from the shale, however, the depth from which the shale containing
conodonts was obtained was not reported. They correlated this Ordovician
section with the lower Whitewood formation of the Black Hills, South Dakota,

Holland and Waldren (1955, p. 157k) reported conodonts from the
basal sandstone of the Winnipeg formation from core chips of the Stanolind
01l and Ges Company - Waswick No. 1 well in north-central North Dakota
(NDGS 105, Fig, 1). They suggested a Chazyan or Blackriveran age for the
sandstone based on two genera which they reported, namely, Acontiodus and

Microcoelodus.



Ross (1957) made a study of some Ordovician fossils from deep wells
in eastern Montana. Since the pre-Winnipeg sedimentary rocks of eastern
Montana are lithologically similar to the Deadwood formation of South
Dakota and he could find no evidence of an unconformity in the pre-
Winnipeg sedimentary rocks, he referred to all of these rocks as the
Deadwood formation. In regard to the age of the Deadwood formation he
reported as follows:

Only Iower Ordovician fossils have been obtained from this
pre-Winnipeg unit in the Shell Pine Unit No. 1 and Shell, Richey
Area, Northern Pacific No. 1 wells. Information furnished by
James L. Wilson of the Shell @il Company for the Shell Southwest
Richey Area No. 32-33B well indicates the presence of about 350
feet of Iower Ordovician and 390 feet of Upper Cambrian stratsa
between the base of the Winnipeg formation and the basement rocks.
The lower 207 feet of Early Ordovician and upper 158 feet of
Cambrian strata are composed of green shale, . . .The intersystemic
boundary has been located on faunal evidence only.

He discussed the age of the Winnipeg formation, but he did not consider
the evidence to be conclusive for either a Late or Middle Ordovician age
assignment,

Carlson (1959) referred to all of the pre-Winnipeg sedimentary rocks
of North Dakota as the Deadwood formation and considered the Deadwood
formation to be of Lake Cambrian to Early Qrdovician age. He discussed the
relationship of the Winnipeg formation of the subsurface to the surface
sections in South Dakota and Manitoba and divided the Winnipeg formation
of North Dakota into three members.

He noted that the upper two members could be traced through the
subsurface of the Williston Basin to the northern Black Hills, South
Dakota outcrop area where they were equivalent to the Roughlock and
Icebox formations. Therefore, he applied the terms Roughlock member and

Icebox member to the upper two members of the Winnipeg formation in the
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subsurface of the Williston Basin, He noted that the lower member of
the Winnipeg formation was absent in the Black Hills outcrop area,
He then accepted the term Black Island member, which had previously been

applied to this unit, for the lower member of the Winnipeg formation,

Present Study

Basis for Stuc_lxz

The present study is based mainly on subsurface data obtained from
exploratory oil wells in North Dakota, but it also includes surface
studies in South Dakota and Manitoba. Prior to 1951, only ten explora-
tory oil wells and a few water wells had penetrated pre-Red Rivef
sedimentary rocks in North Dakota. However, exploration increased
rapidly with the discovery of oil in northwestern North Dakota in April,
19515 and 2,567 oil exploration wells had been drilled in North Dakota
by January 1, 1960, Of these, 127 wells had penetrated pre-Red River
sedimentary rocks, and 90 of these had penetrated Precambrian rocks,

Since wells penetrating Precambrian rocks are limited to the eastern
two-thirds of North Dakota with the exception of a few deep wells on
the Nesson anticline in northwestern North Dakota, complete sections of
the Deadwood formation are also limited to those areas. Therefore a few
wells near the borders of the state in South Dakota, Montana, Saskatche-
wan, and Manitoba, which have penetrated the complete pre~Winnipeg
Sedimentary section were also included in the present study. Subsurface
data for wells in North Dakota is furnished to the North Dakota Geological
Survey under the oil and gas conservation laws of the state of North Dakota.
This material, which is on open file with the North Dakota Geological

Survey Grand Forks, North Dakota, furnished much of the basis for this study.
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Some type of mechanical log (e. g., electrical, radioactivity,
laterolog, etc.) is available in the files of the North Dakota Geological
Survey for most of the wells which have been drilled in the state,
including all but eleven of the wells which have penetrated pre-Red River
sedimentary rocks., Mechanical logs from selected wells in adjacent states
and provinces were also cbtained and used.

The South Dakota Geological Survey has published sample descriptions
for some deep wells in northern So'uth Dakota, Samples of several other
wells in South Dakota were examined through the courtesy of the South
Dakota Geological Survey and surface sections of the Winnipeg formation
(Whitewood formation of previous writers) were measured and sampled at
two localities near Deadwood, South Dakota. The Deadwood-Winnipeg contact
in Spearfish Canyon and south of Englewood Station in the northern Black
Hills was also examined,

Surface studies in the Lake Winmnipeg area of Manitoba began with
the finding of poor exposures of the Winnipeg formation at Victoria Beach
near the south end of Lake Winnipege This locality has the advantage
of being easily accessible by automobile, but it is only during periods
of low lake levels that the shale and sandstone are exposed at the water's
edge on the lower parts of the beaches, Samples of the shale which con-

tained mmerous conodonts were collscted from this locality in May, 1959.
The stratigraphic position of these samples is difficult to determine
because of the poor exposures at this locality although some inferences
as to the bedrock can be made from an examination of the loose rocks
along the beaches., The stratigrephy of the Winnipeg formation in the
Manitoba surface section is more clsarly shown on some of the islands to
the north of Victoria Beach. Measured sections described by Baillie (1952)
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were checked on Black, Punk, and Deer Islands and sections of the
Winnipeg formation were measured on Punk and Deer Islands and samples
were collected from these localities in July, 1959,

Samples of the shale and sandstone of the Winnipeg formation from
the outcrop sections of Manitoba and South Dakota and from cores of
several wells in North Dakota were broken down and examined for micro-
fossils, Conodonts were the most ebundant fossils, but some ostracodes
were 8lsc obtained from a few samples, The sandstone lithofacies was
generally unfossiliferous, but one sample from a thin bed within the
upper shaly unit of the Winnipeg formation at Victoria Beach, Manitoba,
contained some poorly preserved conodont specimens., Most of the samples
of the shale lithofacies contained some specimens, although the samples
were not uniformly fossiliferous. It was noted that samples containing
fragments of other fossils and samples which had evidence of a diastem
(i. e., concentrations of dark organic ? matter, phosphatic nodules, or
wavy bedding in otherwise evenly bedded shale) were the most fogsiliferous,

Core samples of the shale lithofacies of the Winnipeg formation were
available for six wells from North Dakota in the storage facilities of the
North Dakota Geological Survey, However, the shale is so well indurated
in some areas that samples from three of the wells from the deeper parts
of the Williston Basin could not be broken down. Therefore the collections
of conodonts from the subsurface ére limited to three wells in the eastern
part of the state, Conodonts could probably be obtained from other wells
n the esstern part of the stats also, however, large samples would be
Decessary to obtain a sufficient number of specimens for significant
Btratignphic information, The shale lithofacies from both the South Dakota



and Manitoba outerop areas yielded a sufficient number of specimens to aid

in making regionsl correlations.

Metbods of Studys

The writer examined well cuttings and cores of pre-Red River sedi-
mentary rocks from about 50 wells with a binocular microscops with a
nine power magnification. Particle size and roundness were estimated by
visual comparison with a set of commercially preparsd Wemtworth scale
sizes (Sand Geuge Folder, Geological Specialty Company, Oklahoma City,
Oklahoma). Colors were determined by comparison with the Rock Color
Chart (Goddard, and others, 1948) distributed by the Geological Society
of America. Descriptions of the pre-Red River sedimentary rocks in
sixty wells were availsable in Norih Dakota Geological Survey Circulars.
The writer re-examined cuttings from twenty-two of these wells for which
Circulars had previously been published. Appendix B contains sample
descriptions for most of the wells examined by the writer. A few wells,
from which the samples were very poor, or, where the writer's descriptions
are very similar to the Circular descriptions are not included in the
Appendix,

The locations of all oil exploration wells penetrating pre-Red River
sedimentary rocks in North Dakota and selected wells from adjacent states
and provinces are shown on the location map (Fig. 3). Well names and
locations are given in Appendix A. North Dekota Geological Survey file
numbers, hereinafter referred to as NDGS ___, are used for the wells
in North Dakota with the wells arranged in numerical order in Appendix A.

Arbitrary letier designations are used for the wells from adjacent states

and provinces,

The thicknesses for the isopach maps were determined from the

mechanical logs with all available logs being used, The formation
and member tops, from which these thicimesses were computed are contained
in Appendix C, The sand-shale ratios were also determined with the aid
of mechanical logs,

Samples of the shale were broken down by soaking in Stoddard
solution (dry cleaning fluid) or gasoline for several days, then dried,
and soaked in water. The shale then disintegrated and the sample was
wet sieved and dried, Material which passed through a 35 mesh sieve
(Tyler screen equivalent) and was retained on a 100 mesh sieve was
saved for separations using bromoform, The "heavies®™, concentrated
by the bromoform method (Branson and Mehl, 1933, p. 12), were picked for
conodonts with 12 power and then 72 power magnification. The concentrated
heavy fraction was retained as a check on the completeness of the picking
of the samples,

Cores of the sandstons of the Winnipeg formation were put through
8 jJaw crusher and then sieved. Bromoform separations were then conducted
on the 80 mesh and 100 mesh fraction, but no conodonts were obtained
from them, The basal sandstone from the Manitoba outcrop area is very
friable, so these samples were merely sieved and then bromoform separations
conducted., These samples were also non-fossiliferous,

Conodonts were obtained from cores of the upper part of the Deadwood
formation in three wells located in Williams County in northwestern
North Dakota. These conodonts were found in cores of a very fine~to
medium-grained, subrounded to subangular, quartzose sandstone firmly

cemented with silica, These samples were broken in a jaw crusher and then

sieved, The sample which passed through a 35 mesh sieve and was retzined
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on-a 100 mesh sieve was retained and either directly hand picked or

J—

T MANITOBA

picked after concentrations with bromoform. Most of the specimens were

SASKAYCHEWAN ..
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freed from the matrix by this process; but some of the specimens still

retain sand grains adhering to them, and many specimens were broken by
the rough treatment.
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Figwe 3 « Map showing the locations of exploratory wells penetrating
pre~Red River formations in North Dakota and adjacent states
and provinces.
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STRATIGRAPHY

DEADWOOD FORMATION

Fame and Definition

The Deadwood formation was named by Darton (1901, p. 505) with the
type locality at Deadwood, South Dakota. At the type locality, the
Deadwood formation is composed of limestone, sandstone and shale which
1ies nonconformably on Precambrian rocks and is overlain by the Winnipeg
formation (Whitewood formation of previous writers) of Ordovician age.
The Deadwood formation may be traced through the subsurface of northern
South Dakota into the Williston Basin, so the term Deadwood formation
has been extended to include all of the pre~Winnipeg sedimentary rocks

in North Dakota and eastern Montana.

Thickness

The Deadwood formation ranges in thickness from L4 to 50 feet in
the southern Black Hills to about 500 feet in the northern Black Hills.
Tt thickens northward into the subsurface and ranges in thickness from
725 feet in the Carter €1l Company - Northern Pacific No. 1 well (Well H,
Fig. 2) to 9LO feet in the Shell 0il Company - No. L43-22A well (Well G,
Fige 2) in southeastern Montana,

The areal distribution of the Deadwood formation in North Dakota is
shown on the isopach mep (Fig. L). The eastern limit is an erosional
1limit, with the Deadwood formation being absent in northeastern and

southeastern North Dakota except for outliers such as are present under-

lying the Winnipeg formation in the subsurface in Grand Forks County
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Figure i - Isopach map of the Deadwood formation.
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Figure 5 - Cross section along the line B~ B! in Williams County,

northwestern North Dakota, showing a topographic high on the
Precambrian surface, using the Red River formation as a datum,
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Figure 6 - Cross section along the line B - B' in Williams Gounty,
northwestern North Dakota, showing the topographic high on thr:
Precambrian surface with redused vertical exaggeration; sea
level used as a datum,

in northeastern North Dakota, In the western one-third of the state,
only five wells have penetrated the complete Deadwood formation and

these are 2ll in the Nesson anticline area of northwestern North Dakota.
These wells show that the thicimess of the Deadwood formation ranges from
61 feet in the Amerada Petroleum Corporation - Iverson, Nelson Unit No. 1
well (NDGS 1231) to 1,000 feet in the Amerada Petroleum Corporation
Antelope Unit "™ A ® No, 1 well (NDGS 2373), Therefore the isopach map
shows only the general thickness of the Deadwood formation in the Nesson
anticline area, since the detailed variations could not be shown on a

map of such a large scale,

An example of these large variations occurs in the Beaver Lodge
field in Williams County (Fig. 5), where the Deadwood formation ranges in
thickness from 61 feet in the Amerada Petroleum Corporation - Iverson,
Nelson Unit No. 1 well (NDGS 1231) to 695 feet in the Amerade Petroleum
Corporation - North Dakota * A " No, 9 well (NDGS 1385).

A total of four wells have penetrated Precambrian rocks in the
Beaver Lodge field; and these wells, together with another well which
penetrates Precambrian rocks about 20 miles southeast of the Beaver Lodge
field, provide the basis for an interpretation of this area. The lithology
and mechenical log characteristics of the Deadwood formation in these wells
show very little evidence of facies changes within the Deadwood formation.
In the wells in which the Deadwood formation is thinner, most of the
thinning appears to be accounted for by an absence of some of the lower
beds which are present in the thicker sections of the Deadwood formation.

The present difference in elevetion of the Precambrian surface
betwsen the Iverson, Nelson Unit No. 1 well and the North Dakota ™ A "



¥o. 9 well is 1,156 feet. Since the difference in thickmess of the
Deadwood formation in these wells does not account for the present
difference in elevation of the Precambrian surface, the problem is whether
part, or all of the present difference in elevation of the Precambrian
surface was present at the time of deposition of the Deadwood formation,
Two cross sections (Figs. 5 and 6) were constructed to show the relation-
ships between the Lower Paleozoic rocks and the Precambrian surface.
One cross section (Fig. 5) has a greatly exaggerated vertical scale, but
it demonstrates that deposition was continuous across this basement high
during the latter stages of Deadwood deposition and that the overlying
Winnipeg formation thins slightly over the basement high. The second
cross section (Fig. 6) was constructed with only a slight vertical

exaggeration to show a more accurate picture of the relief of the Precambrian

surface.
The Precambrian high coincides with the structural high of the

Madison group (Mississippian) reservoir in the southwestern part of the
Beaver Iodge field. A study of the overlying sedimentary section shows
that all of the formations from the Winnipeg formation through the
Interlake formation (Silurisn) are slightly thinner in the Amerada
Petroleum Corporation - Iverson, Nelson Unit No. 1 well than in the
surrounding wells. The relationship of this thinning is shown in Table
I, where the amount of increased thickness of each of the formations or
units from the Winnipeg formation through 2 gamma ray marker in the upper
part of the Interlake formation in each well was compared to the thickness
of that formation or unit in the Iverson, Nelson Unit No. 1 well,
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Iodge area, Williams County,

Thickness of lLower Paleozoic rocks in Beaver

northwestern North Dakota.
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The problem of whether the present Precambrian high was tectonically
active during deposition of the Deadwood formation or whether it was
merely a topographic high on the Precambrian erosion surface cannot be
determined with the present information because only one well has been
drilled to the Precambrian on each of three sides of the Precambrian
high. Therefore it cannot be determined whether the lower beds of the
Deadwood formation were originally deposited over the Precambrian high
and removed before deposition of the upper beds of the Deadwood formation
were deposited, or whether these beds lap against the Precambrian high,
The presence of "syenite wash® is an important consideration in inter-
pretation of this Precambrian high because a syenite wash would not be
expected if this were an erosional remnant of a peneplain surface, The
writer has seen cuttings of this ®"wash" in only two wells and there is
some question whether this is a true "wash", or merely cuttings of
8lightly weathered Precambrian rocks in these wells, however, in the
Amerada Petroleum Corporation - Ulven Unit No. 1 well (NDGS 151k), a
few pieces of feldspar were noted imbedded in limestone of the lower
part of the Deadwood formation,

If the Precambrian high is due to tectonic movement, it must have
been quite active to account for the large variations in thickness of
the Deadwood formation and relatively inactive from the Middle Ordovician
through the Silurian. It seems more plausable to the writer, based on
the few available wells and regional considerations that the Precambrian
high was a topographic high which was buried during the latter stages
of Deadwood deposition and that the Lower Paleozoic sediments, beginning
with the upper part of the Deadwood formation, were draped over this
topographic high of the Precambrian surface, although the Precambrian
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surface may not have had all of its present relief at that time.
The possibility should not be overlooked however, that the relief on
the Precambrian surface, in part at least, may have been due to crustal

movements.

Lithology

The lithology of the Deadwood formation is quite variable so
three widely separated wells were chosen from different areas of the
state to show the lithology of the Deadwood formation in three different
areas. These wells are the Amerada Petroleum Corporation - North Dakota
"A" No. 9 well (NDGS 1385), located in the northeastern part of the
state; the Continental 0il Company -~ Dronen No. 1 well (NDGS 1L5),
located in the easi-central part of the state; and since there is no
well penetrating the complete Deadwood formation in the southwestern
part of the state, the Carter Qil Company ~ Northern Pacific No. 1 well
(Well H, Fig. 1), located in southeastern Montana is used for that
area, The columnar sections show the generalized lithology for these
wells with detailed descriptions included in Appendix B, The entire
Deadwood formation was cored in the Continental 0il Company ~ Dronen
No. 1 well (NDGS 145), however the cores and core chips are not available
at the North Dakota Geological Survey, so these cores could not be
examined. Descriptions of the cores are available in the well index
files of the North Dakota Geological Survey and these descriptions were
used because the writer felt that they were reliable and they provided
more detailed infcrmation than could be obtained from cuttings. Sample
descriptions of the Carter Gil Company = Northern Pacific No. 1 well were

modified by sidewall core descriptions furnished by the Carter 0il Company .
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A quartzose sandstone of variable thickness is present at the
base of ths Deadwood formation in every well in east-central North
Dakota, This sandstone is usually composed of well rounded, often
frosted, medium~- to coarse-grained, poorly cemented, quartzose sand-
stone. This basal sandstone unit is overlain by a shale and carbonate
unit consisting of light gray, fine- to medium-crystalline, sandy,
glauconitic limestone, dolomite and greenish gray shale with minor
amounts of sandstone. The sand content increases toward the southeast,
grading into a glauconitic, dolomitic sandstone near the erosional
edge in southeastern North Dakota., The shale and carbonate unit is
overlain by a sandstone unit composed of fine- to medium~grained,
glauconitic, slightly calcareous sandstone. In central North Dakota,
where the Deadwood formation is thicker, the upper sandstone unit is
overlain by limestone or dolomite, light gray, fine~ to medium-crystalline,
with scattered traces of' glauconitae and greenish gray shale.

In southeastern Montana, the sequence of a clean, quartzose, basal
sandstone overlain by a shale and carbonate unit and then another sand-
stone unit is also present; although the shale and carbonate unit
contains more interbedded sandstone than does the similar unit in the
eastern part of the state. The upper part of the Deadwood formation
in gsoutheastern Montana is predominantly a light gray, fragmental,
glauconitic limestone, sandy in part and containing thin bands of
greenish gray shals,

A "syenite wash" of variable thickness overlying the Precambrian
rocks has been reported by petroleum geologists (Petrolesum Information;

drilling reports) from four wells in northwestern North Dakota, Cuttings
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of this interval consist of orange-pink, fresh-looking, angular fragments
of syenite. "Syenite wash" is overlain by rounded, fine- to medium-
grained, quartzose sandstone in the Amerada Petroleum Corporation - North
Dakota "A" No, 9 well, The sandstone is overlain by a thick unit of
light gray, fragmental, slightly glauconitic limestone interbedded with
greenish gray and medium gray shale. The upper part of the Deadwood
formation is composed mainly of a clean, quartzose sandstone similar

to the lower member of the overlying Winnipeg formation, but it is less
well sorted, more firmly cemented with silica, and separated from the
lower member of the Winnipeg formation by beds of grayish red, greenish

gray and medium gray shale,

Facies Relationships

The writer did not subdivide the Deadwood formation into merbers
because some of the facies relationships are still somewhat doubtful,
but some generalizations about the facies relationships can be made.
The Deadwood formation was deposited on a Precambrian surface of low,
but variable relief. One monadnock (?) in northwestern North Dakota
and two "monadnocks" of lesser relief in eastern North Dakota have
been partially outlined by drilling. The relief of the "monadnocks"
in the eastern part of the state is only about 100 feet, These "monadnocks"
were recognized from exploratory wells which show the Winnipeg formation
lying on Precambrian rocks in areas where all of the surrounding wells
have % 100 feet of Deadwood formation underlying the Winnipeg formation,
A clean, quartzose sandstone of variable thickness is present at the
base of the Deadwood formation in nearly every well. In eastern North

Dakota, the Deadwood formation may generally be subdivided into a basal
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sandstone unit overlain by a shale and carbonate unit and then another
sandstone unit. A similar sequence in southeastern Montana may be
traced through the subsurface to the outerop sections in the Black Hills
(see Fig. 9) with a fair degree of certainty. Whether these similar
sequences are physical equivalents cannot be demonstrated at the present
time, but the similarity is striking, It is also noteworthy that tne
basal sandstone is non~glauconitic in all of these areas, whereas the
upper sandstones and carbonates are all more or less glauconitic.

Cross sections of the Deadwood formation in eastern Nerth Dakota
(Figs. 8 and 10) show the Winnipeg formation lying on successively
lower beds of the Deadwood formation eastward in North Dakota. This
truncation of beds shows that the thinning of the Deadwood formation
eastward is due mainly to pre~Winnipeg erosion.

The cross section from southeastern Montana to the Black Hills
area (Fig. 9) shows a truncation of beds, indicating that the thinning
of the Deadwood formation towards the Black Hills is also due mainly
to pre-Winnipeg erosion.

The Deadwood formation could be divided into three lithologic units
in the Nesson anticline area, a thin basal sandstone, a carbonate and
shale unit, and an upper sandstone unit, but their physical equivalence
to lithologic units of the Deadwood formation in the eastern and s outhern

part of the state is problematical, so their usefulness is very limited.

Relations to Adjacent Strata
'The Deadwood formation lies nonconformably on Precambrian rocks

and is overlain unconformably by the Winnipeg formation, except, perhaps
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in northwestern North Dakota where the Winnipeg formation may be
conformable with the underlying Deadwood, The angular discordance

is slight, but on regional cross sections it may be readily recognized
(see Figs. 8 and 10) by the truncation of beds of the Deadwood formation.

The contact between the Winnipeg and Deadwood formations is not
difficult to determine in most of the western part of the state, because
the Winnipeg formation usuelly lies on carbonates of the Deadwood forma-
tion in this area, However, along the Nesson anticline and in the
eastern part of the state, where the Winnipeg formation locally overlies
sandstones of the Deadwood formation the contact is sometimes more
difficult to determine,

In the Nesson anticline area, sandstones in the upper part of the
Deadwood formation are similar in compostion and texture to the overlying
sandstone of the Winnipeg formation, however, the sandstones of the
Deadwood formation have been more firmly cemented with silica than the
sandstones of the Winnipeg formation and are separated from the
sandstones of the Winnipeg formation by beds of shale.

In the eastern part of the state the sandstones of the Deadwood
formation often contain glauconite, whereas the sandstones of the
Winnipeg formation never contain glauconite. However, the occurrence
of glauconite within the Deadwood formation is somewhat erratic, so other
criteria must be used to Sseparate the sandstones of the Winnipeg and
Deadwood formations when glauconite is not present in the Deadwood
formation. Color and cementing materials are other characteristics
which are useful for differentiating between the sandstones. Sandstones
of the Winnipeg formation are generally colorless or white, poorly

Cemented, sometimes containing minor amounts of clay, whereas the
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sandstones of the Deadwood formation are generally orangish-pink or
some shade of orange and usually have a calcareous or ferruginous

cemsnt,

Paleontology

Fossils are rare in cuttings and cores of the Deadwood formation;
however, fragments of brachiopods were noted by the writer in cores
of the Deadwood formation from the Amerads Petroleum Corporation - Boe,
Olson Unit No, 1 well (NDGS 1403), although no identifiable specimens
were obtalned,

However, conodonts were obtained from cores of sandstone of the
upper part of the Deadwood formation from three wells in Williams County,
Nins specimens were obtained from core chips of the interval from
13,934 to 13,936 feet in the Amerada Petroleum Corporation - Ulven Unit
No, 1 well (NDGS 151k); about 70 specimens were obtained from core chipe
of the interval from 13,99 to 13,996 feet in the Amerada Petroleum
Carporation = Peterson, Davidson Unit No, 1 well (NDGS 1636), amd about
220 spscimens were obtained from core chips of the interval from
1,166 to 14,171 feet in the Amerada Petroleum Carporation - North Dakota
»k¥ Yo, 9 well (NDGS 1385),

Conodonts obtained from the Deadwood formation are mostly simple
cone types, but some blade and bar types are also present, These
conodonts are brownisheblack in color, rather than the usual amber
colgr, and are not translucent, This caused some difficulties in identi-

fication because most conodont workers have used a classification based on

internal structure, However, Hass (1959, p, 377) proposed a classification
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based on external ferm, This classification was based partially on

his studies of the morpholcgy of conodonts in which he found that the
growth axes of conodonts are reflected in the external form, Hence,

in most cases a determination of the internal structure is unnecessary.
Since a determination of the internsl structure of the specimens from

the Deadwood formation was impossible, the writer used the classification
proposed by Hass for his identification.

The collections from the Deadwood formstion have not been completely
studied as yet, and the writer does not place as much confidence in his
identifications of specimens from the Deadwood fauna as he does in his
identifications of conodonts from the Winnipeg formation. Although some
of the species identifications may be in error the writer is reasonably
confident of the generic identifications. The following specimens have
been identified from the Deadwoods:

Acodus erectus Pander,

codus brevis Branson and Mehl

contiodus triangularis Pander
Coleodus simplex Branson and Mehl
DreEnodus arcuatus Pander
Drepanodus subarcuatus Furnish

Leptochirognathus sp.

crocoelodus (7, symmetricus Branson and Mehl
Neocoleodus Sp.
€istodus sp,
Ptiloconus n. sp.

Age and Correlation
The exact relationship of the surface section of the Deadwood
formation to the pre-Winnipeg rocks of the subsurface still presents
problems both ag to age and physical equivalence. The Deadwood formation

in the Black Hills was considered by most workers to be Let2 Cambrian
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in age based on the faunal studies of Meyerhoff and Lochman (193L, 1935,
1936) until Lochman and Duncan (1950, pe 351) reported Early Ordovician
trilobites from the upper part of the Deadwood formation in the northern
part of the Black Hills, Since no evidence of an unconformity has been
found between the rocks containing a Late Cambrian fauna and the rocks
containing the Early Ordoviclan fossils, the Deadwood formation is now
generally considered to be of late Cambrian to Early Ordovician age in
the northern Black Hills area,

The pre<Winnipeg sedimentary rocks of the subsurface are similar
lithologically to the Deadwood formation of the surface section (see
Fige 9) so there has been no question about the validity of applying
the term Deadwood formation to these rocks in the subsurface, The only
question has been whether the Deadwood formation should be restricted
to rocks of late Cambrian age and whether the type section of the Deadwood
formation includes part of the Winnipeg formation of the subsurface, The
problem involving the relationship of the Winnipeg formation of the
subsurface to the type section of the Deadwood formation will be deferred
to the discussion of the Winnipeg formation; however, the writer's intere
rretation is shown on the cross section (see Fig, 9), This cross section
shows some tentative relationships of the Deadwood formation based on
subsurface studies of the writer and previously published surface studies,

Paleontological evidence for the exact age of pre-Winmnipeg sedimente
ary rocks of the subsurface is sparse, Seager, and others (1542, p, 223)
and Ross (1957, pe 450) have stated that much of the Deadwood formation
of eastern Montana is Early Ordovician in age, This conclusion is in
sgreement with the physical evidence which shows the upper beds of the

-hl =

Deadwood formation being truncated by pre-Winnipeg erosion towards the
Black Hills outcrop area.

The study of the Deadwood formation in North Dakota did not reveal
any widespread unconformity which might represent the Cambro-Ordovician
systemic boundary. Rather, the study indicates that deposition was
probably continuous from Late Cambrian through Early Ordovician, and
the only major break in sedimentation in the studied interval was between
the Deadwood formation and the overlying Winnipeg formation of Middle
Ordovician age. The lack of evidence of a break in sedimentation in
the pre-Winnipeg rocks makes it nearly impossible to attempt to restrict
the Deadwood formation of either the surface or subsurface sections to
rocks of Late Cambrian age,

The conodont fauna of the Deadwood formation has such a limited
Imown geographic distribution and it is so different from any previously
described fauna that definite conclusions cannot be made from this fauna.
However, it does have some significance as to the age of the upper part
of the Deadwood formation in the Nesson anticline area and seems to
Teinfarce the conclusions of Ross (1957) that much of the Deadwood forma-
tion in the subsurface of the Williston Basin is of Early Ordovician age.

Conodonts have commonly been thought to begin in Early Ordovician,
but recently Miller (1956, p. 1335) reported 53 specimens assoclated with
Late Cambrian trilobites in limestone of the Deadwood formation in the
northern Black Hills » South Dekota, He also reported conodonts from the
Conaspis mne in the Dugway Mountains, Utah. He did not give systematic
descriptions of these specimens, but he stated that they were all simple
cone types, were characterized by large basal cavities, and many of the



specimens were of a different preservation, having been altered to a
"gericite-like" material,

The conodonts from the Deadwood formation of North Dakota appear
to be of an "altered® typs and resemble Miller's Upper Cambrian specimens
in that respect; but the presence of compound forms in the collections
from the Deadwood formation in North Dakota, indicated that this fauna
is probably younger than Miller's Upper Cambrian faunas,

This Deadwood fauna does not closely resemble any previously
described fauna, The collections from the Deadwood formation are
composed mostly of representatives of the Distacodidae, or simple cone-
type conodonts, which account for about 75 per cent of the specimens,
This predominance of the Distacodidae is characteristic of Early Ordovi-
clan conodont faunas and suggests an Early Ordovician age for the Deadwood
fauna,

Three genera of blade and bar type conodonts which are present in

the Deadwood fauna, namely Coleodus, Neocoleodus, and Leptochirognathus,

have not previously been reported from rocks older than the Harding
formation (Middle Ordovician, Colorado). However, these genera represent
only a very minor, though conspicuous part, of the Deadwood fauna and
most of the forms common to the Harding farmation (Branson and Mehl,

1933a; Sweet, 1955), such as Chirognathus, Cordylodus, Ozarkodina, and

Trichonodella are absent in the Deadwood fauna. Therefore, the Deadwood
fauna is probably older than the Harding fauna, Until more study of

the -ranges of lower and Middle Ordovician conodonis have been made, the
exact position of the Deadwood fauna is uncertain, however, the pre-
dominance of representatives of the Distacodidae suggests that this fauna

should probably be considered to be of Early Ordovician age.
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WINNIPEG FORMATION

Name and Definition

Dowling (1895, p. 66) first applied the term Winnipeg sandstone
to the predominantly sandstone section overlying the Precambrian rocks
and underlying the "mottled limestone" (Red River formation of later
writers) in the Lake Winnipeg area of Manitoba, In the subsurface of
southwestern Manitoba and eastern North Dakota the term Winnipeg formation
has been applied to the section composed predominantly of greenish
gray shale with a thin basal sandstone which overlies the Precambrian
and underlies the Red River formation, This unit bhas been traced
through the subsurface of North Dakota and parts of South Dakota, so
that although there are some facies changes within the Winnipeg formation,
this unit can now be traced from the Manitoba area through the subsurface

of the Williston Basin to the outerop sections in the northern Black
Hills, South Dakota,

Thickness

The isopach map of the Winnipeg formation (Fig. 12) shows an area
of marked thickening in northwestern North Dakota and one of slight
thickening in south-central North Dakota, The area of thickening in
northwestern North Dakota is near the center of the Williston Basin and
coincides with the greatest thickness of the lower part of the Winnipeg
formation, Suggesting that the Williston Basin began to form with the
beginning of Winnipeg deposition. The isopach map of the Deadwood for=
mation might suggest that the Williston Basin began to form during the

ti PR
e of deposition of the Deadwood formation, However, the present
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thickness of the Desdwood formation reflects an interval of pre-Winnipeg
erosion and not the original depositional thickness, hence the increased
thickness in the central part of the Basin is possibly due to a
protective cover of Winnipeg sediments in that area while the margins

of the Basin were still being eroded, Studies have shown (es go, Laird,
1953, p. 27; Porter and Fuller, 1959, p. 176) that the areas of greatest
accummulation of sediments in the Williston Basin have shifted during
Early Peleozoic time, It is noteworthy that the area of thickening in
the south-central part of the state is due mainly to a thickening of the
upper part of the Winnipeg formation, and this 1s near the area of
greatest thickness of the overlying Red River formation.

The limit of the Winnipeg formation towards the southeast and east
is an erosional limit since the Winnipeg formation maintains a relatively
uniform thickness until the erosional edge of the overlying Red River
formation is reached, and then the Winnipeg formation thins rapidly.
The Winnipeg formation thins toward the southwest by non-deposition or
possibly erosion of the lower beds and thins slightly toward the north-
east by depositional thinning and possibly some erosion of the shale

lithofacies.

Lithology
Manitobas
Surface sections of the Winnipeg formation were examined on Black,
Punk, and Deer Islands in July, 1959. Glacial drift extends to the
beaches along the north shore of Black Island except for one locality,
where a few feet of firmly cemented, arkosic, conglomeratic sandstone

is present just above lake level, Although the contact with the
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Precambrian rocks was not exposed, it is noteworthy that further east
along the north shore the bays lack sandy beaches, whereas to the west,
broad, sandy beaches are numerous and are probably composed, at least
in part, of sand from the basal sandstone of the Winnipeg formation,
Thus, the arkosic sandstone is probably from the basal part of the
Winnipeg formation.

The writer checked one of Baillie's measured sections (Baillie,
1952, Section L, p. L3), noted an exposure of sandstone of the upper
unit of the Winnipeg formation and some other exposures of the lower
unit of the Winnipeg formation, but did not reach the Precambrian-Winnipeg
contact along the south shore of Black Island. The outcrops of the
Winnipeg formation on Black Island are incomplete sections of the Winnipeg
formation and do not clearly show the stratigraphic relationships of
Baillie's units within the Winnipeg formation or the contact with the
overlying Red River formation,

The complete Winnipeg formation is not exposed at any one locality
in the Lake Winnipeg area, but the lower and upper contacts may be seen
on the north side of Punk Island during periods of low lake levels.
Precambrian greenstone was exposed at lake level in July, 1959, near the
northeastern corner of the island. Here the basal sandstone of the
Winnipeg formation is a clean, rounded, very fine- to medium-grained,
friable, quartzose sandstone. This sandstone is so poorly consolidated
that it is difficult to differentiate between sandstone in place and

Treworked
beach sand, Thus, the exact contact between the sandstone and

the gr . s
greenstone is difficult to determine, However, there are at least

two loea
lities where a few feet of bedded sandstone are present only a
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few hundred feet laterally from exposed greenstone; and since the slope
is low, this sandstone cannot be very much above the base of the formation.

The complete thickness of the basal sandstone unit could not be
determined, but 21 feet of sandstone was exposed above lake level at
one locality along the north shore of Punk Island. The silicified,
arkosic sandstone which is present at lake level at this locality is
very similar to the sandstone bed exposed on the north side of Black Island
and is probably very near the base of the Winnipeg formation. A few
hundred yards farther west along the north shore, the Red River formation
was exposed about L3 feet above lake level, The bank was covered with
slump, so complete details of the section were not determined because of
lack of time; however, the contact between the basal sandstone unit and
the overlying shale was about 19 feet above lake level.

The upper part of the Winnipeg formation is much better exposed on
the northeast corner of Deer Island, where Baillie's "upper unit" of the
Winnipeg formation is well exposed in one nearly vertical section. The
basal sandstone is exposed at lake level and along the shore to the

southeast of this locality. It consists of yellowish gray, rounded,

frosted, very fine~ to medium-grained, firmly cemented, quartzose sandstone.

The sandstone is overlain by 13 feet 7 inches of greenish gray shale and
sandy shale with interbedded thin lenses of sandstone. The upper 9 feet
6 inches of the Winnipeg formation is composed of very fine- to medium-
grained, poorly consolidated, yellowish gray, quartzose sandstone, the
lowe’r four feet of which contain thin greenish gray shale lenses; the

contact with the overlying Red River formation is sharp.
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Baillie (1952, p. 9) has estimated the thickness of the Winnipeg
formation at I 80 feet in the Lake Winnipeg area. Measurements of
incomplete sections lead the writer to believe that this estimate is
too large, at least for the Punk Island area, where an estimate of about
50 feet is probably more nearly correct.

The physical equivalence of the units of the Winnipeg formation of
the outerop sections with the subsurface sections in Manitoba are still
somewhat doubtful. This is due to relatively rapid facies changes near
the outcrop area and a lack of wells for subsurface data near the outcrop
area,

The closest well to the outcrop area for which sample descriptions
are available is the Stony Mountain No. 1 well, located in sec. 29, T. 12,
2 EPM, sbout sixty miles southwest of the Victoris Beach outerop area.
This well has a section of the Winnipeg formation which is typical of the
subsurface of northeastern North Dakota and much of southwestern Manitoba,
Sample descriptions for this well are as follows (Kerr, 1949, p. 85):

Wingipeg formation
50 - 635 Smete: creen &

695 ~ 708 Sandstone, light-grey, coarse-grained, very
many grains rounded and etched

Precambrian
708 - 740 Igneous rock, light-grey, much biotite

This well shows the predominance of shale which is characteristic of the
Wimnipeg formation in much of the subsurface of southern Manitoba,
although a thick sandstone section is present in the upper part of the
Wimnipeg formation in some areas (Andrichuk, 1959, p. 23L9). However,

eéven where the thick sandstone section is present in the upper part of
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the Winnipeg formation, the lower section is similar to the section in
the Stony Mountain No. 1 well.
South Dakotas

The Winnipeg formation may be divided into three members in the
subsurface of the north-central part of South Dakota, but as the forma-
tion thins towards the Black Hills, only the upper two members are present
(see Fig. 9). The upper member of the Winnipeg formation is about 35 feet
thick in the Weller, Bush - Weisman No. 1 well, located in SW 1/l SE 1/4
sec. 13, T. 5 No, Re 3 E., Lawrence County, South Dakota, which is about
eleven miles north of the Whitewood Canyon outcrop sections near Deadwood,
South Dakota, In this well, the upper member of the Winnipeg formation
consists of very light gray siltstone and very fine grained sandstone,
becoming dolomitic in the upper part and conteining minor amounts of
shaly beds, The similarity of the surface section to the upper member
of the Winnipeg formation in the Weller, Bush - Weisman No.lwell, was
recognized by Carlson (1958, p. 23) and therefore, the term Roughlock
member was applied to the upper member of the Winnipeg formation in the
subsurface of the Williston Basin,

If the terms Roughlock and Icebox are accepted as members of the
Winnipeg formation, the Winnipeg formation then crops out in the
northern Black Hills where it lies unconformably on the Deadwood
formation and is overlain conformably by the Whitewood formation in
some areas and unconformably by the Englewocod formation (Mississippian)
in other areas where the Whitewood formation is absent.

McCoy suggested that the Skolithos-bearing quartzitic sandstons

(his Aladdin formation) was probably equivalent to the lower member of
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the Winnipeg formation of the subsurface of the Williston Basin, This
hypothesis is difficult either to prove or disprove, but the writer
believes that the physical evidence of the surface and subsurface
sections strongly suggests that McCoy's hypothesis is erroneous.

At the type section of the Deadwood the lower part of the Skolithos-
bearing quartzitic sandstone contains a 1ll-inch bed of very fine-grained,
calcarsous sandstone, which is very similar to the sandstone beds under-
lying the quartzitic sandstone, Furnish, and others (1936, p. 1332) have
also noted that the Skolithos-bearing quartzitic sandstone unit seems to
grade into the underlying sandstone, whereas the contact between the
quartzitic sandstone and the overlying green shale is sharp., This
suggests that if there is a break in sedimentation in this area, it is
between the quartzitic sandstone and the Icebox shale. It may be signi-
ficant that the basal few feet of the Icebox shale contain sand lenses
and "floating™ sand grains; but the remainder of the shale contains
few, if any, sand grains,

An outcrop south of the Englewood Station, located in the SW 1/}
¥E 1/4 sec, 30, T. L N., R, 3 E., Lawrence County, South Dakota, adds
further information about the nature of the Deadwood-Winnipeg contact in
the Black Hills outcrop area., At this Jocality, green shale (Icebox
member) lies on a reddish gray, glauconitic, dolomitic limestone of
the Deadwood formation with Just a few inches of reddish, fine-grained
sandstone intervening, If the quartzitic sandstone were equivalent to
the basal sandstone of the Winnipeg formation, its absence at this
locality could not be readily explained, however, if it is a part of

t s .
he Deadwood formation its absence can be readily explained as due to
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erosional thinning of the Deadwood formation, since this section is
located about nine miles southwest of Deadwood, South Dakota, and the
Deadwood formation thins from LOO to 500 feet in the northern Black
Hills t L to 50 feet in the southern Black Hills.

In the subsurface, the Weller, Bush - Weisman No. 1 well has a
sandstone unit of indeterminate thickness underlying the Icebox member
of the Winnipeg formation, Although lithologic samples were available
for only the upper ten feet, mechanical logs indicate that the sandstone
unit is probably about 50 feet thick. These samples are composed of
grayish orange to grayish pink, fine- to medium-grained, quartzose
sandstone, which is probably a physical equivalent of the quartzitic
sandstone of the Whitewood Canyon section, The thickening of the
sandstone unit from 12 to 25 feet in the outcrop area to 50 feet in the
Weller, Bush - Weismen No. 1 well is probably the result of including
the calcareous sandstone of the surface sections with the quartzitic
sandstone a2s one unit in the subsurface, although the thickening of the
sandstone unit would also fit the regional pattern of northward thickening
of the Deadwood formation.

Therefore the writer concludes that the Black Island member of the
Winnipeg formation is absent in the Bleck Hills area, unless the lower
fow feet of sandy shale is considered to be the Black Island member and
that the term Aladdin sandstone should be rejected because it is a

relatively insignificant part of the Deadwood formation.
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Figure 13 - Colummar sections

of the Winnipeg formation.
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North Dakota:

The Winnipeg formation is composed of sandstone, shale, and
siltstone which range in thickness from 0 to 357 feet in North Dakota
and which may be divided intc three members, This three member sub-
division is useful throughout most of North Dakota and can be recognized
in adjacent states and provinces, although the upper member is difficult
to trace on the north and northeastern flank of the Williston Basin,

The isopach map of the Winnipeg formation (Fig. 12) represents the
depositional thickness of the Winnipeg formmation for the most part,
but the limit toward the southeast is due to post-Red River erosion.

In North Dakota, the Winnipeg formation is composed of a clean,
quartzose, basal sandstone member overlain by a greenish gray, silty to
clayey shale member and an upper calcareous shale member except in the
southeastern part of the state where the upper part of the Winnipeg
formation consists of a calcareous siltstone or very fine grained,
calcareous sandstone. The 1lithology and thickness of these members
varies, so three wells were chosen to show some of these variations in
three areas of the state. The wells chosen for the columner sections
(Fig.13) were the Union 0il Company - Aanstad No. 1 well (NDGS 20),
northeastern North Dakota; the Northern Ordinance, Franklin Investment
No. 1 well, (NDGS 16), Emmons County, south-central North Dakota; and
the Amerada Petroleum Corporation - North Dakota MA" No. 9 well, (NDGS

1385), northwestern North Dakota.
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Members of the Winnipeg Formation
Black Island Member:

Name and Definition

Genik (1951) proposed the term Black Island member for the basal
sandstone member of the Winnipeg formation. This was an unfortunate
choice of terms, because neither the upper nor lower contactt; of the
basal sandstone unit are exposed on Black Island, although these
contacts are exposed on nearby islands. Nevertheless Kupsch (1953,
pe 11), working in the east-central Saskatchewan outcrop area used
the term Black Island member for the basal sandstone member of the
Winnipeg formation of that area. Later Genik (195, p. 1) applied the

term Black Island member to the basal sandstons unit of the Winnipeg

SCALE OF MILES
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Some geologists (e. g., Andrichuk, 1959, p. 23L9) doubt that the

—

basal sandstone of the surface sections in the Lake Winnipeg area is
equivalent to the basal sandstone of the subsurface because of (a) the

greater thickness of the basal sandstone and the lesser thickness of the Figure 1) - Isopach ma

p of the Black Island membe:
£ r of the Winnipe
shale in the surface sections and (b) the lesser total thickness of the ormation, POg

Winnipeg formation in the surface sections. However, it seems reasonable
that the increased thickness of the coarser clastics in the surface
sections may be dus to deposition of this part of the column nearer the
strandline. By this interpretation the basal sandstone of the surface
section is continuous with the basal sandstone of the subsurface section.
Since the term Black Island has previously been applied to the basal
sandstone in the subsurface, and the basal sandstone of the subsurface
is probably equivalent to the basal sandstone of the surface section on
- 56 -
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Figure 15 - Isopach map of the Icebox member of the Winnipeg formation.

Black Island, the term Black Island member is herein accepted for the
lower member of the Winnipeg formation in the subsurface of the Williston

Basein,

Thickness and Lithology

In the eastern part of North Dakota where the Black Island member
is generally less than 30 feet thick it is composed of well rounded,
usually frosted, very fine- to medium-grained, very friable, quartzose
sandstone, As this member thickens toward the north and northwest, where
it atteins a maximm thicimess of 170 feet in the Amerada Petroleum
Corporation - North Dakota "A* No, 9 well, it becomes less well sorted
and the sand grains show less evidence of me chanical action. The
Black Island member is composed of mottled light gray, very fine- to
medime-grained, rounded to subangular, poorly sorted, 8ilty and argilla-
ceous sandstone in northwestern North Dekota. The clay content is small,
but it accounts for a mottled appearance of the sandstone., In this area,
the sandstone is firmly cemented either with s ilica or, in some cases,
with pyrite,
Icebox Member:

Name and Definition

The term Icebox formation wes introduced by McCoy (1952, p. L45) for
Some olive-green shales which overlie the Skolithos-bearing quartzitic
8andstone and underlie light colored siltstone in the northern Black Hills
outerop area. These shales, previously considered to be & part of the
Whitewood formation, were given formational rank by McCoy. This shale
unit can be traced by means of sample and mechanical logs into the
subsurface of both South Dakota and North Dekote (see Fig., 10) where it
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is equivalent to the middle member of the Winnipeg formation. Therefore

the writer considers the Icebox to be a member of the Winnipeg formation.

Thickness and Lithology

The Icebox member of the Winnipeg formation consists of 90 to 5
feet of greenish gray to dark greenish gray, splintery to fissile, waxy,
non-calcareous shale. Iocally in the eastern part of North Dakota,
however, the shale mey be pale brown or grayish red. The Icebox member
contains some "floating” sand grains, sand lenses, and is silty in the
lower part. Black phosphatic nodules, which have been cited as evidence
of diastems within the Winnipeg formation (Baillie, 1952, Genik, 1954),
are relatively common in the shale of the outcrop gections in Manitoba
and South Dakota as well as in the subsurface of the Williston Basin.
However they do not seem to be useful as horizon markers; rather they
seem to have an erratic distribution within the shale, The thinning of
the Icebox member on the southwest flank of the Williston Basin is
probably due to non-deposition of the lower beds but might be dus, at
least in part to erosion. The contact with the underlying Black Island
and overlying Roughlock members are gradational.

Roughlock Member:

Name and Definition

The term Roughlock formation was introduced by McCoy (1952, pe L)
for the light colored siltstone which overlies the Icebox shale and under-
ligs the Whitewcod limestone in the northern Black Hills. This unit can
be traced into the subsurface of northern South Dakota and southern
North Dakota on the basis of lithology and mechanical logs, where it is
equivalent to the upper member of the Winnipeg formation. Therefore, the
term Roughlock member has been applied to the upper member of the Winnipeg

formation in the subsurface of the Williston Basin,
-59 -

SANDSTONE ] Mﬂ ‘- SHALE
CONTOUR INTERVAL 10'
0 50
SCALE OF MILES

Figure 16 - Isopach and

of the Winnipeg fo

sand-shale ratio map of th
Seuy p e Roughlock member




Thickness and Lithology

The Roughlock member ranges in thickness from O to 90 feet, It
consists of very light gray, very fine grained, calcareous sandstone
and siltstone in the south-central part of the state, The siltstone
gradss laterally into a greenish gray, calcareous, silty shale and
then into a greenish gray, calcareous shale to the north and northeast.
Toward the north, the Roughlock member gradually becomes very difficult
to trace as the transition from the green shale of the Icebox member
into the overlying argillaceous 1imestone of the Red River formation is
less gradual, In northwestern North Dakota, near the limit of recogni-
tion of the Roughlock member, the interval referred to as the "Winnipeg
transition zone® by some petroleum geologists (Petroleun Information,
drilling reports) is herein included in the Roughlock member. The area
of greatest thickness of the Roughlock member coincides quite closely

to the areas of increased coarser clastics towards the southern margin

of the Bagin,

Facies Relationships

Winnipeg deposition began with very fine- to medium-grained clastics
which were generally well sorted before they were deposited; although in
northwestern North Dakota, the Black Island member is much thicker than
in other areas of the state, and is not as well sorted, The greater
thickness of the formation in nortiwestern North Dakota may indicate
more rapid subsidence in that area and/or that clastics were being
supplied to that area, while much of eastern North Dakota was still being

eroded. The greater thickness of the basal sandstone accounts for most

of the increased thickness of the Winnipeg formation in northwestern
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¥orth Dakota (Fige 12) and sccounts for the higher sand-shale ratios
in that area,

Deposition was apparently continuous from the beginning of
deposition of the Winnipeg formation at least through deposition of the
overlying Red River formation in the ocentral part of the Williston Basin,
The sequence was one of gradually finer grained clastics upward, begimning
with very fine- to medium-grained sandstons, then silty shale, shale »
calcarecus shale and as the supply of clastics diminished, carbomates
became the domrinant lithofacies, This was probably dus to the seas
becoming more widespread, so this area was further from the souree of
clastic material, The boundary between the Winnipeg and Rsd River forma=
tions has been drawn at the position in the section between predominantly
clastic rocks below and predominantly carbonate rocks of the Red River above,

The sequence of Wimnipeg deposition on the margins of the Basin differs

from that in the central part of the Basin and is yet different en
various flanks of the Basin, Thus, on the northeastern flank of the
Williston Basin, in the Lake Winnipeg area the Winnipeg formation is
composed of a basal sandstone, a middle shale, and an upper sandstons and
the contact between the sandstone and the overlying limestons of the Red
River formation is sharp, In contrast, along the southwestern flank of
the Basin, the basal sandstones is absent and the shale member is overlain
by siltstone which grades into the overlying limestone of the Whitewood
formation,

Some geologists (e, ge, McCoy, 1952; Butler, and others, 1955) do
not agree with the interpretation that the Skolithos=bearing, quartzitic
sandstons is part of the Deadwood foarmation rather than an equivalent
of the basal sandstons of the Winnipeg formation, However, the writer
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believes that the absence of a basal sandstone in the Winnipeg formation

in several wells in southwestern North Dakota, southeastern Montana and

porthwestern South Dakota, the thinning of the Icebox member from 100

feet in southwestern North Dakota to 30 to 70 feet in the surface

sections in the northern Black Hills, and the relatively uniform thick-

ness or slight thickening of the Roughlock member of the Winnipeg

formation from southwestern North Dakota to the surface sections in the

northern Black Hills show that the Winnipeg formation thins toward the

Black Hills by non-deposition of the lower beds of the Winnipeg formation.

Although the surface sectlon in the Lake Winnipeg area is mostly

sandstone, the presence of the shale beds makes a sequence of a basal

sandstone, middle shale and upper sandstone very similar to the sequence

in the Carmen, Manitoba, area. In the subsurface of the Carmen area the

basal sandstone unit is much thinner, and the shale and the upper sand~-

stone wnit are much thicker. The greater thickness of the basal sandstone

unit and the thinness of shale in the Lake Winnipeg arez nmight be explained

by proximity to the strandline. Hence, the basal sandstone of the surface

section may be interpreted as representing a lateral equivalent of the

basal sandstone of the subsurface plus a partial equivalent of the shale

unit of the subsurface.

In contrast, the difference in thickness of the upper sandstone unit

in the two areas may be due to different modes of deposition, Andrichuk

(1959, p» 2354) suggested that the Carmen sand body is a bar type deposit,

based on its shape and areal extent. The upper sandsione of the surface

sections, however, probably represent nearshore deposits of the "Winnipeg

sea®™, Thus, the Carmen sand body is interpreted as having been deposited

as an offshore bar while the upper sandstone of the Lake Winnipeg area was
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being deposited near the strandline, rather than an equivalent of the
entire surface section as was suggested by Andrichuk,

This conclusion is based partially on the similar lithologic sequence
in these two local areas and partially on paleontological evidence which
is discussed elsewhere in this paper, The age of the Winnipeg formation
in the Carmen area can only be determined by indirect evidence, but if
the entire surface section were equivalent to the Carmen sand body, it
should be expected that the surface section would be younger than the
lower part of the Winnipeg formation in the Carmen area. However, the
lower part of the section of the Winnipeg formation of the Carmen area
is nearly the same thickness as the Winnipeg formation in northeastern
North Dakota and the lower section of the Winnipeg formation in the
remainder of southern Manitoba; hence the lower section of the Winnipeg
formation of the Carmen area is approximately equivalent to the Icebox
and Black Island members of the Winnipeg formation of North Dakota, Since
the shale lithofacies of the surface section in Manitoba contains a
fauna similar to the upper part of the Icebox member of the surface
section in South Dakota and the subsurface section in North Dakota, it
is probably equivalent to the upper part of the shale of Andrichuk's
lower section of the Winnipeg formation of the Carmen area, The lower
part of the shale lithofacies of the lower section of the Winnipeg
formation of the Carmen area may have been replaced by the sandstone
lithofacies of the nearer shore enviromment in the Manitoba outcrop area,
This would account for some of the thinning of the shale in the outcrop
area, Both Baillie (1952) and Genik (1954) noted oolitic pyrite zones
in the uppermost beds of the basal sandstone unit and zones of phosphatic

no
dules in the shale of the surface sections, and they suggested that
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these zones might represent diastems within the Winnipeg formation.
These diastems might also account for some of the thinning of the

Winnipeg formation in the Lake Winnipeg area.

Relations to Adjacent Strata

The Winnipeg formation lies unconformably on the Deadwood formation
throughout most of North Dakota and in South Dakota and eastern Montana,
Exceptions to this are in northeastern North Dakota and southern Manitoba,
where the Winnipeg formation lies nonconformably on Precambrian rocks
and in northwestern North Dakota where it may be conformable with the
underlying Deadwood formation., Throughout the subsurface and in the
surface sections in South Dakota, the Winnipeg formation is gradational
into the overlying limestones, However, in Manitoba the contact with
the overlying Red River formetion is sharp in the outerop areas, indicating

a possible break in sedimentation in that area.

Paleontology

General

Macauley reported several macrofossils from cores of the Union 0il
Company - Aanstad No. 1 well (NDGS 20), but they are rare in cuttings
and cores of the Winnipeg formation, The writer found only two identi-
fiable specimens in cuttings of the Winnipeg formation and no identifiable
specimens inr the few available cores, The two specimens were obtained
from a depth of 6,090 to 6,100 feet in the Caroline Hunt Trust Estate- Uni-
versity lLands No. 1 well, (NDGS 701) Burleigh County, North Dakota,
These specimens were free from the matrix, but they are greenish gray in

color and are probably from the Winnipeg formation. They have been
jdentified as Paucicrura rogata (Sardeson) and Hesperorthis iricenaris
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(Conrad). Both of these species are listed as Middle Ordovician fossils
(Cooper, 19Lli). Gne specimen of Flexicalymene sp. in a core from the
Roughlock member of the Winnipeg formation in the Union 0il Company -
Aenstad No. 1 well is in the collections of the Department of Geology,
University of North Dakota,

However, the Winnipeg formation contains a varied microfauna.
Although the shale is not uniformly fossiliferous, most of the samples
contain at least a few specimens of conodonts and some samples contained
a few ostracodes, The ostracodes have not been studied, but two
specimens of Aechmine sp. were readily identified from collections from
a depth of 5,787 feet in the Continental 01l Company - Leuth No. 1 well
(NDGS 207). The conodonts are the most useful fossils » however, because
of their relative abundance, widespread occurrence, and the variety of
forms present. The collections in the present study were obtained from
two localities in South Dakota, two localities in Manitoba and three
wells in North Dakota., The stratigraphic position of the samples from
the subsurface of North Dakota and the surface sections in South Dakota
with respect to the three member subdivision is quite definite. However,
the relationship of the samples from Manitoba with respect to this three
fold subdivision is not clear.

The conodonts of the Winnipeg fomation are amber in color and are
readily identifiable following either the classification of Branson and
Mehl (1SLk, p. 237) or that of Hass (1959, p. 377); hence to be consistent
with the earlier treatment of the Deadwood fauna » the writer has followed
Hass in the classification of conodonts from the Winnipeg formation also,
A number of studies of Middle and Upper Ordovician conodonts have been
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contained only a few
les were characterized

and comparisons with Middle and Upper Ordovician
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(Stautfer, 1935, 1935b, Glenister, 1957, Ethington, 1959), Therefore,
most of the specimens of the Winnipeg fauna can be referred to previously
shown in Table II(in pocket), Soms striking differences may be noted
within the Winnipeg formation by comparing faunas from different locali-
Deer Island, Manitobas Baillie's upper unit of the Winnipeg forma-
Sample F-1 was from the uppermost part of the basal sandstone unit
Sample F-8 was from an outcrop a few hundred feet northwest

tion is exposed on the northeast corner of Desr Island (rig. 17). Eight
sample F-2, Samples F-3 and F-l, were from the sandy shale and contained

by the presence of Cordylodus plattinensis Branson and Mehl, Drepanodus

samples were collected from this locality, seven of which were from the
the upper unit of the Winnipeg formation and were also unfossiliferous.,
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faunas from a nearby geographlc area can be readily made.

of specimens of each species which were obtained from each sample is
ties and different horizons from the same locality.

and was unfossiliferous. Samples F=6 and F-7 were from sandstone of
Sample F-5 was mostly sandstone and contained only a few specimens.

of the measured section and from the same stratigraphic position as

Sample F=2, from the basal foot of the sandy shale,
a representative nunber of specimens., These samp

Conodont Faunast
measured section.

described species,
specinmens.



homocurvatus Lindstrom, Panderodus arcuatus (Stauffer) anmd Trichonodella

recurva (BEranson and Mehl),

Victoria Beach, Manitobas The Winnipeg formation was exposed at
lake level at this locality in May, 1959, because Lake Winnipeg was at
& low water level, Samples of the Winnipeg formation were co}lected
along the shore for a distance of about 270 yards, The samples are
composed of greenish grey shale with sand lenses and ®floating® sand grains
throughout, Although some samples were more fossiliferous than others,
no noticeable differences in the faunules were observed, The strati-
graphic position of thess samples with respect to Baillie's basal and
upper units of the Winnipeg formation could not be determined because
of the poor exposures, However, these samples are probably from near
the base of Baillie's upper unit of the Winnipeg formation, since
lithologically and faunally they are very similar to sample F-3 from

the Deer Island section.
Cordylodus plattinensis Branson and Mehl, Drepanodus homocurvatus

I.indstrSm, Panderodus arcuatus (Stauffer) and Trichonodella sp. are the

most abundant species from these samples also, although Gzarkodina
concimna Stauffer and 0istodus sp., are also important constituents of
these faunules,

Deadwood, South Bakota: The complete Winnipeg formation is not
exposed at one locality, but most of the Winnipeg formation is exposed
at two localities near Deadwood, South Dakota, The roadcut on the north
side of U. S. Highway No. 14A (locality B), just north of Deadwood and
southwest of the junction of U. S. Highways No. 1LA and 85 exposes the

lower 33 feet of the Icebox member of the Winnipeg formation. Another
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section, near the Junkyard just east of Deadwood and south of U, S.
Highway No. 1LA (Locality A) » exposes the upper 22 feet 3 inches of
the Winnipeg formation underlying the Whitewood formation, This section
includes 19 feet 9 inches of siltstone and argillaceous siltstone of
the Roughlock member and 2 feet 6 inches of the Icebox member. These
sections were sampled at one foot intervals, Samples were processed
from throughout these sections, but the only samples in the writerts
collections which yielded specimens were from the interval beginning
22 feet above the base of the Icebox member tc the uppermost beds of
the Icebox member.

The fauna from locality A, from the upper two feet of the Icebox
member shows a remarkable similarity to the fauna of the Deer Island
and Victoria Beach localities in Manitoba. Comparisons of these collections
show that the only conspicuous addition to the Manitoba fauna is the
species Eoligonodina prima (Branson and Mehl), It should be noted,

moreover, that Eoligonodina prima is very close to Cordylodus plattinensis
Branson and Mehl (see P1. 2, Figs. 1 and 2).

The samples from locality B, which are from 22 to 33 feet above the
base of the Icebox member contain a different fauna than the samples from
locality 4., although some elements of the fauna such as Cordylodus
plattinensis Branson and Mehl and Drepanodus homocurva tus Lindstrém, are

the same, The additions of Phragmodus undatus Branson and Mehl, Lonchodus

spinuliferus Stauffer » and Dichognathus sp. and the absence of Panderodus
in the samples from locality B are important differences.

North Dakota: In the Union Qil Company ~ Aanstad No. 1 well (MDGs 20)
the lower two-thirds of the Roughlock member and the uppermost part of
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the Ieebox member of the Winnipeg formation was cored, Four samples
numbered 30-2, 30=5, 30-7 and 30=9 were processed and each sample
yielded some conodonts, The exact depth of each sample could not be
determined becmse they recovered only 50 feet of cere from a cored
interval of 56 fest, However, the upper three samples are fram the
Roughlock member and sample 30-9 is probably from the uppermost part
of the Icebox member. The conodonts from the upper three samples wers
grouped on the chart (Table II)because these samples are so similar,
but sample 30-9 was kept sepsrate because of differences in abundance
of some of the species,

In this well, the Roughlock member contained a distinctive fauna,

characterized by the presence of Belodina compressa (Eranson and Mehl),

Distacodus insculptus (Branson and Mehl), several species of Panderodus

and Falodus prodentatus (Graves and Ellison)e It was also characterized
by an sbsence of most of the species common to the Icebox member,

In the Union 0il Company = Skjervheim No, 1 well (MDGS 27) a 28
foot interval of the lower part of the Icebox member of the Winnipeg
formation was cored, Samples of this core were not uniformly
fossiliferous, but three of the samples yielded a sufficient number of
specimens for an sppareatly representative sample of the faina,

The samples from the upper part of the cored interval contained a
fauna quite similar to the fauna of the Icebox member of the South Dakota
outcrop sections, However, the lower smmples contained a distinctly
different fauna characterised by an abundamce of Chirognathus spp. and
Brysntodina compacta Stauffer, although a few specimens of most of the

species common to the upper part of ths Icebox member are also present,

-Tl =

In the Continental 01l Company - Leuth No. 1 well (NDGS 207) the
lower 60 feet of the Icebox member of the Winnipeg formation was cored.
These samples did not break down as readily as the other samples from
the subsurface, but some conodonts were obtained from each of six samples,
The fauna from these samples is very similar to the upper samples from
the Skjervheim well and to the Icebox member of South Dakota,.

Age and Correlation

The age of the Winnipeg formation is partially involved in the
controversy as to ths age of the overlying Red River formation, In the
Ordovician Correlation Chart (Iwenhofel, and others, 1954), Twenhofel
(p. 281-282) sumarized the evidence for a Richmondian age for the Red
River formetion and Kay (p. 282) summarized the evidence for a Trentonian
age for the Red River formation. The Red River formation was then placed
in the Richmondian stage in the Correlation chart,

Baillie (1952, p. L1) considered the Winnipeg formation to be
"Trentonian (?)" in age and a probable lateral equivalent of the Decorahe
Platteville interval in Iowa and Tllinois. This conclusion was based
partially on regional depositional considerations and partially on faunal
lists,

The Winnipeg formation of the outcrop area of Manitoba is poorly
fossiliferous, Genik (1951) reported that he found no identifiable fossils
in the lower unit of the Winnipeg formation and fossils were not abundant
in the upper unit. Baillie's (1952, p. 25) faunal 1ist for the Winnipeg

formation is entirely from the upper unit. Macauley (1955, p. 51) states
thate

-72 -



The best specimens are from the shalier sandstone and the
pure sandstone of the upper part of the outcrop section, and
from the subsurface shale,

The age of the Winnipeg formation in Manitoba has previously been
based on comparisons of the ﬁ:l.nnipag macrofauns to the macrofauna of
the overlying Red River and Stony Mountain formations, Macauley and
Ieith (1951, pe 1462) state that the Winnipeg fauns is very similar to
the fauna of the Red River and Stony Mountain formations, and they
further state that the Winnipeg formation is therefors probably of late
Ordovician age in Manitobe, The Winnipeg formation was placed in the
Richmondian stage in the correlation chart based on the evidence
cited above,

Ross (1957, Pe L61) noted the Middle Ordovician affinities of
the faunal lists of the Winnipeg formation, but he did not consider the
evidence to be conclusive for either a Middle or late Ordovician age
assigrment,

The present study indicates, that on the basis of comparisons of
the conodont faune of the Winnipeg formation with the conodont faunas
of the Middle Ordovician rocks of the Upper Mississippi Valley, the
Winnipeg formation is Middle Ordovician in age. The lower part of the
Teebox member contains a fauna similar to the Glemwood formation of
Minnesota and the middle to upper part of the Icebox member contains a
feuna similar to the Decorah formation, Eence the Icebox mexber is
probably Blackriveran to Trentonian in age, No fossils were obtained
from the Black Island member in the present studies, but previously

Holland and Waldren (1955, pe 157) suggested on the basis of conodomts that

this part of the Winnipeg is probably Chazyan or Blackriveran, Based on

stratigraphic position it would appear that the Black Island must be
at least as old as Blackriveran, so the writer is in agreement with
their conclusion,

The Roughlock member contains some forms which have not previously
been reported from the Decorah formation; however, the overall aspect of
the Roughlock fauna is one of closer affinity to the Decorah fauna than
to the fauna of the Galena formation, Hence the Roughlock is probably

correlative with the upper part of the Decorah formation and is probably
Trentonian in age,
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All figures are umretouched photographs of whitened specimens.
A1l photographs X 3ke Sample localities are designated by North
Dakota Geological Survey well file numbers. N. D. G. S. No. 1385

Fige 1 - Coleodus simplex Branson and Mehl, inner lateral view, N. D,
7. 8. No. 105; ality - N. D. G. S. well No. 1385.

2 = Neocoleodus sp., inner lateral view, N. D. G. S. No, 109;
m‘iﬂ:ty ~ No Do Go Se well No. 1385.

3 - leptochirognathus sp., inner lateral view, N. D. G. S. No. 108;
C y = Ne De G. S. well No. 1385.

k - Unidentified specimen; Acodus (?) sp., Ne D. G. S. No. 112,
Locality - No D. G. So well No. 1636,

55 6 - Unidentified specimens, lateral view, posterior view, N. D. G. S.
No. 113} Iocllity -« No Do Go Se well No. 16360

7, 8 = Drepanodus arcuatus Pander, outer lateral view, inner lateral
view, N. D. G. S. No. 106; Iocality - N. De G. S. well No. 1636,

9, 11 - Olstodus sp., outer lateral view, inner lateral view,
No 50 Ge Se Noo 1].1; Locality - Ne Do G. S. well No. 1636-

10 - Acontiodus sp., (?), posterior view, N. D. G. S. No. 10L;
mﬁ{ty - No Do Go So well No. 1636.

12 -1l - Acontiodus triangularis Pander, posterior view, inner lateral
view, outer lateral view, N. D. G. S. No. 103; ZLocality -
Ne D. Go So well No. 1385.

15, 16 = Drepanodus subarcuatus Furnish, inner lateral view, outer lateral
view, Ne Do 60 Se ﬂo. 107’ Loca.lity = Ne Do Go So well No. 1385.

17, 18 - Ptiloconus sp., outer lateral view, inner lateral view, N. D. G. S.
No, 110; locality - N. D. G. S. well No. 1385,

19 - Acodus erectus Pander, imnner lateral view, N« D, G. S. No. 1023
Tocality - N. D. G. S. well No. 1385,
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20, 21 = Acodus brevis Branson and Mehl, immer lateral view, outer
view; Locality « N, D, G. S. well No, 1636,

22y 23 = Unidentified specimens, N , D, G, S, Nos, 11, 1153
Imanty - N. D. G. S. well KO. 1636.
PIATE II
411 figures are wwetouched photographs of whitened specimens,

A1l photographs X34, Sample localitises are keyed to Table II
( in pocket),

Fige 1 = cglodus Elattinensis Branson and Mehl, inner lateral view;
ty = No Do Go S, well No. 27, Wle from 3,373 feet,
2 » Eoligonodina prima (Branson and Mehl), inner latersl views
ty = Ne %. Ge Se well No, 207, sample from 5,761 feet,

3~ Chiro%th\m 8pe; inner latersl view; locality « N, D, G
* WS Qo 27’ Sﬁ@le from 3’373 feet,

k = Panderodus gracilis (Branson and Mehl), inner lateral view;
Yocality = %’-‘. D. CGa Se well No, 27, sample from 3,361 feet,

5 = Phragmodus undatus (Branson and Mehl), outer lateral
vy = No Da Go Se well No, 27, sample from 3,373 fest,

6~B %n_g_codim Eﬁg—a Stauffer, inner latersl viewy Locality -
e Do Go Se W Oe 27, sample from 3,373 feet,

7 = Ozarkodina concinna Stauffer, lmmer lateral view; ILocality e
o Ve l1g Ve \’en NO. 27’ sample from 3,373 feet,

8 « Panderodus arcuatus (Stsuffer), inner lateral view;
y = Victoria Beach, Manitoba,

9 - ciglodus glattinensu Branson and Mehl, outer lateral view;
y = Jeer s Manltoba, sample F = 3,

10 - Dreﬁ?us suberectus (Branson and Mehl), inner lateral view;
y= Deer Island, Manitoba, sample F - 3,

11 -~ Panderodus ﬁ:cilis (Branson and Mehl), inner lateral view;
locality « toria Beach, Manitoba,

12 - Ozarkodina concimna Stauffer, outer lateral view; Locality =
oria Beach, Manitoba,

13 = Oistodus inclinatus B ranson and Mehl, irmmer lateral view;
ty = Deer Island, Manitoba, sample F « 3,
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1} « Phr us undatus (Branson and Mehl), inner lateral view;
W:ﬁ:;—:md, South Dekota, ssmple B - 22,

15 -8 m.%u% Stauffer, supero-lateral view; Locality -
S

odus
eadwood, South Dakota, sample B = 22,

16 - Panderodus intermedius (Branson and Mehl), imner lateral view;
y = Deadwood, South Dakota, sample & = 2,

17 = Panderodus arcuatus (Stauffer), inmer lateral view; Locality =
Deadwood, South Dakota, sample & = 2,

18 = Oistodus fornicalis Stauffer, outer lateral view; locality =
Y. D. G, 5. well No, 20, sample 30 = 2 to 30 = 7.

19 - Belodina ¢ ssa (Branson and Mehl), inmer lateral
Tocality _o?- % Ge Se well No, 20, sample 30 = 2 to 30 = 7,

20 ~ Distacodus insculptus (Branson and Mehl), inner lateral view;
m—.rr‘it—s o Go S well No, 20, sample 30 = 2 to 30 = 7,
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AFPENDIX & - LIST OF WELL 1OCATIONS
North Dakota Locations

North Dakota
Geological Survey
Well Number Well Name and Location
5 Glenfield 0il - No. 1
SE 1/k sec. 18, T. N., B. 62 W., Foster County
15 Garuroucomzw-E.L.Sulinglo.l
SE 1/l SE 1/4 sec. 18, T. 11 Ne, R, 81 W., Oliver County
16 Northern Ordinance - Franklin Investment No. 1
MW 1/4 WW 1/4 sec. 35,, T. 133 Mo, B. 75 W., Bwmons County
19 Continental 011 Company, Pure ¢il Company ~ Davidson No, 1
SW 1/h SW 1/4 sec. 6, T. 10 Ne, B. 77 W,, Burleigh County
20 Union €11 Company - Aanstad No, 1
NE 1/k sec. 29, T, 158 Ne; R. 62 W., Ramsey County
21 F. F. Kelly, Plymouth 0i1 Company - Frits Leuts Mo, 1
NW 1/4 NE 1/} sec. 28, T. 142 N., E. 89 W., Mercer County
22 Samedan 011 Corporation - Vaughn Hanson No, 1
NE 1/ sec. 10, T, 146 N., Re 81 W., Mclean County
23 Roeser & Pendleton Incorporated - J, J. Weber No. 1
SE 1/4 sec. 35, T. 133 K., R. 76 W., Emmons County
2 Magnolia Petroleun Co - Dakota 4 No, 1
NE 1/4 sec. 36, T, 1kl Nep Be 73 W., Kidder County
26 Pniliips Petroleum Compary, Carter 01l Company - Dakota
el
MW 1/h sec. 29, T, 136 N.; R. 81 W., Morton County
27 Union 01l Company - Chris Skjervheim No. 1
C MW 1/ KE 1/4 sec. 28, T. 159 No, R. 63 W,, Cavalier County
29 Red River Development and 01l Company - Edgar Berg No. 1
SW 1/ sec. 35, T. 152 N, Re 51 W., Grand Forks County
32 Amerada Petrolewm Corporation - H, G. Bakken No. 1
SW 1/ NW 1/4 sec. 12, T, 157 N., B. 95 W., Williams County
38 The California Company - Blanche Thompson No. 1

SW 1/ SE 1/4 sec. 31, T. 160 N., R. 81 W., Bottineau County
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39

u3

L7

L9

52

61

83

89

ok

100

105

120

13k

15

U9

Hmt 011 - W. B, Shosmaker No., 1
NE 1/4 SW 1/h sec. 3, T. 157 N., R. 78 W., McHenry County

Barnett Drilling Incorporated - Joln Gaier No. 1
W 1/h W 1/ sec. 11, T, Ll N., R, 67 W., Stutsman County

Peak Drilling Company - Glhauser Mo, 1
NE 1/4 SE 1/k sec. 8, T. 132 N., E. 78 W., Esmons County

Willisms Herbert Hunt Estate - Joe & Anna Wald No. 1
SE 1/L SW 1/4 sec. 23, T. 155 N., R. 81 W., Werd County

Stanolind 0il & Gas Company - Mclean County No. 1
SW 1/L SW 1/} sec. 28, T, 150 N,, R. 80 W., McLsan County

Wanete Gil Compeny - M, O, lee, et 2l No, 1
¢ ¥E 1/4 NE 1/h sec. 24, T. 156 N., R, 85 W., Ward Comnty

Hunt 01l Company - Peter Lennertz No. 1
NW 1/L SE 1'711p sec, 17, T. 153 N., R. 77 W., McHenry County

Hunt €il Co! = Oliver Olson No. 1
sW 1/ ¥ 1/l sec. 18, T. 163 N., R. 77 W., Bottinean County

1ion 0il Company - Peder and Lillie Sebelius No, 1
SWw 1/4 NW 1/l sec. 23, T. 161 N., R. 73 W., Rolette County

General Atlas Carbon Company - A, Ketterling No. 1
NE 1/i NE 1/h sec. 15, T, 131 N., R. 73 W., McIntosh County

Champlin Refining Compary - Elmer Heim No. 1
NE 1/h W 1/ sec. 12, T. 133 N., R. 65 W., LaMoure County

Union 0il of Californis - Arne and Helmi Saari No. 1
¢ SW 1/h sec. 35, T. 161 N., R, 68 W., Towner County

Stanolind 0il & Gas Company - W, and I, Waswick No. 1
SW 1/4 NE 1/ sec. 2, T. 153 N., R. 85 W., Ward County

Lion 0il Company - G, Huss No. 1
W 1/4 N 1/l sec. 23, T. 163 N., R, 75 W., Bottineau County

Generel Atlas Carbon Company - A. Peplinski No. 1
SE 1/k NW 1/k sec. 21, T, 142 N., R. 63 W., Stutsman County

General Atlas Carbon Company - F. Barthel No. 1
SW 1/ NE 1/ sec. 15, T. 142 N., R. 65 W,, Stutsman County

Continental 0il Company - Paul H. McCay No. 1
NW 1/ N 1/ sec. 32, T. 137 N., R. 76 W., Burleigh County

Pollard and Davis - Dwane Guscette No. 1
NW 1/4 NW 1/4 sec. 20, T, 142 N., R. 61 W., Barnesa County
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155

in

iy

19k

207

227

230

246

254

287

291

295

6

334

370

Hunt 011 ~ EBma Kleven No. 1
SW 1/4 SW 1/k sec. 18, T, U0 N., R. 80 W., Burleigh County

Continental 0il Company - Nels Dronen No, 1
¥E 1/4 XE 1/k sec. 9, T. 14O N., R, 75 W., Burleigh County

MW 1/4 NE 1/} sec. 18, T. 163 N., R. 65 W., Towner County

Continental 0il Company - G. A. Duemeland ¥o, 1
NW 1/4 W 1/ sec. 3, T, 14O N., R. 77 W., Burleigh County

F. H, Rhodes - R, R, Gibbons No. 1
SW 1/ SE 1/4 sec. 17, T. 157 N., R. 65 W,,. Towmer County

Carter 0il Company ~ Allyn MacDiarmid No. 1
NE 1/4 ME 1/k sec. 16, T. 154 K., R, 65 W., Remsey County

Continental 011 Company - John Leuth No. 1
KE 1/4 NE 1/h sec. 27, T. 146 N., R. 73 W., Wells County

National Bulk Carriers, Inc. - B, L., Hild, No. 1
SE 1/k SW 1/k sec. 31, T. 158 N., R. 66 W., Towner County

Carter Gil Company = North Dakota State No. 1
NE 1/k SE 1/k sec. 16, T, 13 N, R. 71 W., Kidder County

Northern Natural Ges - B, and B, les No. 1
C NE 1/h NE 1/h sec, 36, T. 154 N., R, 63 W., Ramsey County

Amerada Petroleum Corporation - lars Kvam T, 1, N
. O 2
C SW 1/4 XE 1/i sec. 19, T. 156 N., R, 95 Wes ;Iillim County

Frazier and Comroy Orilling Company - Serah Dunbar
- No, 1
NW 1/l NW 1/4 sec. 13, T. 146 N., R. 63 W., Foster County

Amerada Petroleum Corporation - Herman May Unit No
.1
NW 1/i NE 1/k sec. 9, T. 139 N., R. 100 W,, Billings County

T. M, Evans - F,.L, Bailey No, 1
SW 1/u NE 1/k sec. 26, T. 15 N., R, 62 W., Foster County

T. M, Evans Production Corporation - A. L. Johnson
- L] * m- 1
NW 1/% SW 1/k sec. 23, T. 160 N., R. 70 W., Rolette County

T. M. Evans - Christian Erickson No. 1
NE 1/4 SE 1/k sec. 24, T. W45 M., R. 64 W., Foster County

Herman Hanson 0il Syndicate - Reg. Ogilvie No. 1
N4 1/h ¥W 1/l sec, 21, T. 140 N., R, 65 W., Stuteman County
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S. Do Jolmson - M. D. Wolf No. 1
N 1/h W 1/L sec. 17, T. 158 N., R. 62 W., Ramsey County

Midwest Exploration Corporation - Union Central Life
Insurance and H. Amann No. 1
SE 1/L SE 1/k sec. 2lj, T. 160 N., R. 67 W., Towner County

Pure ¢il Company -~ J« M. Carr Ro. 1
NE 1/L NE 1/k sec. 15, T. 146 N., R. 66 W., Foster County

Herman Hanson €il Syndicate - M. M, Mueller No. 1
KE 1/ NE 1/h sec. 20, To 140 N., R 65 W., Stutsman County

Calvert Exploration Company - C. and €. Jack No. 1
NE 1/L SW 1/L sec. 13, T. 153 N., R. 63 W., Ramsey County

Calvert Exploration Company - Wendell Haley No. 1
SW 1/l SW 1/4 sec. 1, T. 153 N., R. 63 W., Ramsey County

Gulf 0il Corporation - Dorough Federal No. 1
NE 1/4 SW 1/4 sec. 2L, T. 143 N., R. 103 W., Golden Valley
County

S. D. Johnson Company -~ Edwin Werner No. 1
SW 1/h SE 1/ sec. 11, T. 158 N., R. 63 W., Ramsey County

McLaughlin Incorporated - L. D. Wolfe No. 1
NE 1/L SW 1/4 sec. 33, T. 158 N., R. 62 W., Ramsey County

Midwest Exploration Company - H, P, Juntenen No. 1
¥4 1/h W 1/4 sece 27, T. 163 N., R. 68 W., Towmer County

Midwest Exploration Company - Heckman No. 1
SW 1/4 NE 1/4 sec, 12, T. 158 N., R. 69 W., Pierce County

Calvert Exploration Company - North Dakota State No. 1
NW 1/h W 1/4 sec. 16, T. 150 N., R. 67 W., Eddy County

Turner ¢il Company =~ Dwight Holmes No. 1
SE 1/4 ¥E 1/ sec. 8, T. 163 N., Re 55 W,, Pembina County

Blackwood and Nichols Company - Gilman and Lsng No. 1
NE 1/k SE 1/L sec. 15, T. 140 N., R. 105 W., Golden Valley
County

W. H. Hunt, Zack Brooks - State No. 1
NW 1/4 NW 1/h sec. 16, T. 129 N., R, 104 W., Bowman County

Herman Hanson ¢il Syndicate - Harold Billey No. 1
SE 1/4 ¥4 1/L sec. 11, T. 129 N., R. 63 W., Dickey County

Stanolind €¢il and Gas Company - N. W. Improvement Company No. 1

SE 1/ SE 1/4 sec. 17, T. 143 N., R. 100 W,, Billings County
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Herman Hanson 0il Syndicate - John Bell No. 1
NE 1/4 MW 1/k sec. 1k, T. 129 N., R. 63 W., Dickey County

A, J. Scott = &, J. Scott No. 1

NE 1/h NE 1/} sec. 15, T, 151 No, R. 53 W., Grand Forks County

Caroline Hunt Trust Estate - F, M, Fuller No, 1
SW 1/L SE 1/} sec, 6, T. 136 N., R, 73 W., Iogan County

Caroline Hunt Trust Estate - George Leitner No., 1
SW 1/h SE 1/4 sec, 14, T. 148 N., R. 71 W., Wells County

Calvert Exploration Company - C, C. Nitschke No. 1
¥E 1/k SE 1/k sec. 13, T, 130 N., R. 69 W,, McIntosh County

Calvert Exploration Company - John Bender No. 1
W 1/4 W 1/} sec. 19, T. 130 Ne, R, 69 W., McIntosh County

Calvert Exploration Company - Karl Schock No. 1
SW 1/u NW 1/k sec. 17, T. 131 N., R. 69 We, McIntosh Gounty

Ohio 61l Company - Standing Rock Sioux Tribal No. 1
NE 1/4 SW 1/k sec. 29, T, 131 ¥., R. 80 W,, Sioux County

Calvert Exploration Company - Arthur J,
and Gins Stadum No, 1 o 4nd 1da Jokn
Nd 1/4 SE 1/h sec. 31, T, 154 N., R. 70 W., Benson County

Caroline Hunt Trust Estate - Obed Larson Ne, 1
N0 1/k NE 1/h sec. 32, T. 150 N., R. 70 W., Wells County

Gordon B. Butterfield - Rudolph Trautmen No. 1
SE 1/L SE 1/L sec. 5, T. 139 N., R. 68 W. » Stutsman County

Caroline Hunt Trust Estate - John Waltz Jr. No. 1
NE 1/L NE 1/k sec. 15, T. 148 N., R. 76’w., Sheridan County

Calvert Exploration Company - Margaret Me,
yers No. 1
SE 1/k SW 1/ sec. 25, T. 137 N., R. 67 W., Stutsman County

Calvert Exploration Company - Christ Rau No. 1
SE 1/4 W 1/ sec. 35, T, 139 Ne, R, 68 W., Stutaman County

Calvert Exploration Company - D, C, Wood No. 1
SE 1/4 SW 1/4 sec. 24, T. 139 N., R. 67 W., Stutsman County

Calvert Exploration Company - George Ganser No, 1
W 1/ SW 1/h sec. 12, T. 14O N., R, 67 W., Stutsman County

Calvert Exploration Company ~ Vincent Wanzek No 1
NW 1/ ¥W 1/L sec. 12, T, 139 N., R. 67 W., Stutsman County
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Calvert loration Company - F. L. Robertson No. 1
NE 1/4 Ngxg/h sec. 26, T. 138 N., R. 67 W., Stutsman County

James H, Snowden -~ Chester L. Gibson No. 1 .
SE 1/4 SE 1/} sec. 34, T. 130 N., R. 63 W., Dickey County

Caroline Hunt Trust Estate - J, R. Matz No. 1
NE 1/i NE 1/ sec. 1, T, 147 N., R, 75 W., Sheridan County

Caroline Humt Trust Estate ~ N. Thormodsgard No. 1
NE 1/4 NE 1/4 sec. 31, T. 147 N., R. 71 W., Wells County

Caroline Hunt Trust Estate - Walter E, Bauer No. 1
SW 1/ SW 1/h sec. 19, T. 1i6 N., R. 76 W., Sheridan County

Turner 0il Company - Theodore Belanus No. 1
NE 1/k SE 1/} sec. 28, T. 164 N., R. 56 W., Pembina County

Caroline Hunt Trust Estate - Board of University and
School Lands No. 1 )
NE 1/4 NE 1/k sec. 36, T. il N., R. 75 W., Burleigh County

Shell Cil Company - Gifford Marchus No. 1 .
SE 1/ SE 1/} sec, 23, T. 157 N., R. 70 W., Pierce County

Caroline Hunt Trust Estate - R, P, Schlabach No. l
NE 1/4 NE 1/4 sec. 36, T. 139 N., R. 76 W., Burleigh County

James H, Snowden, et al - E, Trautman No. 1
SW1/h W 1/k sec. 36, T. 130 N., R, 63 W., Dickey County

Caroline Hunt Trust Estate - C. A, Pfeiffel No. 1
SW 1/4 SW 1/4 sec. 16, T. 146 N., R. 7h W., Sheridan County

Caroline Hunt Trust{ Estate - E, B, Sauter No. 1
WW 1/4 NE 1/L sec. 32, T. 142N., R. 74 W., Kidder County

Carcline Hunt Trust Estate - R. A. Nicholson No. 1
SE 1/4 SE 1/} sec. 32, T, 137 N., R. 77 W., Burleigh County

Caroline Hunt Trust Estate - Anton Novy No. 1
SE lﬂl SE 1/)1 S68C, 1)4, To u&h N., R. 77 W., B\n‘leigh County

Caroline Hunt Trust Estate ~ Soder Investment Company No. 1
SW 1/4 SW 1/k sec. 31, T. 142 N., R. 76 W., Burleigh County

Calvert Exploration Company -~ State No. 1
NE 1/4 NE 1/ sec. B, T, 150 N., R, 65 W., Eddy County

F. B, Downing, Sr, - James Link No. 1
W 1/4 NW 1/h’sec: 16, T. 132 N., R. 49 W,, Richland County
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Gulf 01l Corporation - Federal Unit No. 1
W 1/4 SW 1/l sec, 28, T. 1h8 N., R. 104 W., McKenzie County

Cardinal Drilling Company, et al - J, S, Smith No, 1
SE 1/4 SW 1/4 sec, 8, T 16 N., R. 65 W., Foater County

Cardinal Drilling Company, et al - N. A, Graves and
Fedsral Land Bank No, 1

NE 1/L NE 1/k sec. 23, T, 146 N., R. 66 W,, Foster County

Cardinal Drilling Company, et al - J. M. Anderson No. 1

W 1/l ¥ 1/4 sec, 10, T, 146 N, R, 67 W., Foster County

Powers lake and G, A. Vincent - Wild Mo, 1
SW 1/ SW 1/4 sec. 21, T, 159 N., R, 57 W., Cavalier County

Calvert Drilling Incorporated - Francis Zwinger No. 1
NE 1/4 NE 1/ki sec. 8, T. 146 N., R. 68 W., Wells County

Mike Wetch - H, F, Spickler No., 1 = 4
NE 1/ XE 1/4 sec. 25, T. 147 N., R. 6k W., Foster Comnty

Amerada Petroleun Corporation = Iverson Nelson Unit No. 1
KE 1/} sec. 2, T. 155 N., R. 96 W., Willisms County

Wetch, Zachmeier and Disney Drilling Company
C. E. Bhsb No. 1
SE 1/l SE 1/4 sec. 9, T. 148 N., R, 62 W., Eddy County

Calvert Drilling Incorporated - Rey Craig No. 1
W 1/ W4 1/} sec. 25, T, 136 N., B. 71 W., Logan County

North Plains Petroleum Incorporated - F, F, Danner No. 1
SW 1/4 SE 1/4 sec. 2k, T. 152 N,, R. 54 W., Grand Forks County

Amerada Petroleum Corporation - N, D, "A® Unit No, 9
SE 1/} SW 1/L sec. 16, T. 156 N., R. 95 W., Williams County

Calvert Drilling Incorporated - Marvin Kamm No. 1
N lﬁt w 1/& sec, 22, T. 129 u., R, 66 w‘, Dickﬁy colmty

Anerada Petrolsum Corporation - Boe, 01son Unit Ko, 1
NE 1/4 sec, 15, T, 155 N., R. 96 W., McKenzie County

Ieach 011 Corporation and Calvert Drilling Incorporated
Patterson Land Company No. 1
Nd 1/h SE 1/h sec. 11, T, 10 N., R. 77 W,, Burleigh Cownty

North Plains Petroleum Incorporated - C. Go Haugen No, 1
SE 1/4 SE 1/4 sec. 22, T, 152 N., R. 54 W., Grand Forks County

Dakamont Exploration Corporation - Harold E. Jacobson No, 1
SW 1/ XE 1/4 sec. 6, T. 162 N., R. 96 W., Divide County
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Anerada Petroleum Corporation - Ulven Unit No, 1
CNE lﬂl 86C, 3&, T. 156 ﬁ., R. % W., Williams cmy

Kerr, McGee 0il Ind,, Incorporated = Arlot Johnson No, 1
NE 1/’4 W IA. 8€Ce ) T. 162 N.’ R. 101 W., Divide cm

Caxrter 0il Company = Lewis L, and Ellen Johnson No, 1
¥ 14 SW 14 sec, 9y To 129 N, Ry 106 W,, Bowman County

Pan American Petroleum Corporation - Raymond Vetter N o, 1
NE 1/h SW 1/L sece 27, To 139 Noy R, 50 W,, Morton County

Amerads Petroleum Corparation - Peterson, Davidson Unit No, 1
C SW 1/ sec. 17, Te 156 Noy Re 95 Wo, Williams County

Johmson 0il = Earl Moore No, 1
KW 1A KW 1A sec, 10, To 162 Noy R, 63 We, Cavalier County

Reelfoot Development Company Incorporated < Louis and
Alvina B ryl No. 1
SE 1/l SE 1/k sece 5, Te 152 Noy Re 60 Wy, Nelson County

0il Exploration Company « Walter Fowler No, 1
SW 1/ SE 1/ sec, 18, To 152 Noy Re 58 Wey Nelson County

Carter 0il Company - Dallas D, Moore No, 1
W 1/ NE 1/ sece 7, Te 163 Koy Re 102 W,, Divide County

The California Company - Bert Hemry No, L
SE 1/ SW 1/h sece 6, T 161 Noy Ro 79 W,, Bottineau County

Fred Traugott « Grimsi, Goodman Estate No, 1
W 1/4 SW 1/i sece 3, Te 160 Noy Ro 57 Wo, Cavalier County

Amerada Petroleum Corporation « Antelope Unit "A® No, 1
NE 14 SE 1/} sece 1, Te 152 Noy Re 95 Wey McKenzie County
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Other locations

Arbitrary
Ietter Symbol Well Name and Iocation
y | California Standard - Hartney No. 16-33
1sd. 16, section 33, S5N., 2l W1, Manitobe
B Canadian Gulf - Neuman No, 12
1sd, 12, section 29, 2N., 2wz, Saskatchewan
c Tidewater 011 ~ Imperial South Kisbey Crowm No. 1
1sd. 16, section 34, 7N., 6 W2, Saskatchewan
D Imperial 0il, Ltd. - Halkett No. 15-7
lsd. 15, section 7, 3N,, 8 W2, Saskatchewan
B Amerada Petrolewm Corporation - Loucks No. 1
SW; section 35, T. 36N., R, 52E., Sheridan County, Montana
F Sun 0il Company, et al, - Beagle Land and Livestock
Company No. 1
SW} section 17, T. 23N., R. 59E., Richland County, Montana
G Shell @il Company - No, lj3-224 Unit
SE} section 22, T. 11N., R. S7E., Wibeaux County, Montana
H Carter 011 Company - Northern Paecific No, 1
SE} section 19, T. LN., R. 62W,, Fallon County, Montana
J Amerada Petroleum Corporation - State No, 1
NW} section L, T. 1iN., R. 4E,, Butte County, South Dakota
K Weller, Bush - Weisman No, 1
swt SE% section 30, T. 7N., R, L4E., Lawrence County,
South Dakota
L Shell 061l Company - Homme No, 1
SE} section 13, T. 20N,, R. 12E., Perkins County,
South Dakote
M Shell 041 Company - Veal No, 1
SE} section 7, T. 17N., R. 15E,, Perkins County,
South Dakota
N Jo Po Evans, J. R. Querbes Trust - H. Capp No. 1
NW; section 9, T. 13N., R. 16E., Perkins County, South Dakota
P Shell 0il Company - J. K. Winters No. 1

SW; section 11, T. 22N., R. 19E,, Corson County, South Dakota
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Kerr, McGee - Wo Cook No. 1
Sw}: section 32, T. 13N., R. 22E., Dewey County,
South Dakota

Max Pray -~ Krangler No. 1
W% section 1, T. 121 N., R. 77W., Walworth County,
South Dakota

AFPEDIX B -~ LITHDIOGIC DESCRYIPTIONS
Subsurface Sample Descriptions

Circular numbers refer to North Dakota Geological Survey circulars
which are obtainable from the North Dakota Geological Survey, Grand Forks,
North Dakota, These circulars contain sampls descriptions for these
wells by various members of the subsurface geology division of the North
Dakota Geological Survey.

Carter 0il Company - E. L. Semling No. 1

SE 1/L SE 1/4 sec. 18, T, 141 N., R. 81 W., Gliver County
North Dakota Geological Survey Well ¥o. 15; Circular 98

Depth Lithology

8250 - 8310 Limestone, light gray, very finely crystalline

8310 - 8330 Shale, medium dark gray, platy, calcareous; a little
greenish gray, calcareous; mach limestone, as above

833 - 8350 Shale, greenish gray, 5 GY 6/1, and medimm gray,
splintery to platy, calcareous

8350 - 8360 Shale, dark greenish gray, 5 GY 4/1, splintery,
calcarecus

8360 - 8420 Shale, dark greenish gray to greenish gray and brownish
gray, 5 YR I/, splintery

8420 - 8450 Shale, as above; with brownish grey increasing to
about 50%

84S0 - 8470 Shale, as sbove; mostly greenish gry

8470 - 8480 Samples, as above; a few pieces of sandstone, very
light gray, fine to very fine grained

8480 - 8500 Sandstone, fine to medium grained, rounded, colorless,
quarts; much shale in samples, as above

8500 - 8510 Sandstone, fine grained, colorless quarts, firaly
cemented; some loose medimm, subrounded, colorless
quarts; much shale cave in samples

8510 - 8520 Sandstone, very light gray, fine to coarse grained,
rounded, colorless quarts, firmly cemented

8520 - 8530 Sandstons, coarse to very coarse, rounded to subrounded,
weakly cemented quarts

8530 - 8540 Samples, as above; mostly shale
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8540 - 8550
8550 ~ 8570

8570 - 8580

8580 - 8590
8590 - 8600
8600 - 8610
8610 - 8630
8630 - B6L4O

8640 - 8660

8660 - 8670

8670 - 8730
8730 ~ 87ko
8740 -~ 8760

8760 - 8780
8780 - 8800

8800 - 8830

8830 - 8840
88kS -

Sample, mostly shale, dark greenish gray

Sandstone, very light gray, fine to medium grained,
slightly calcareous, firmly cemented; a little
dolonmite, very light brownish gray, fine to medium
orystalline grading into sandy dolomite

Limestone, light gray, very finely crystallime, dolomitic;
much shale in samples, dark greenish gray and brownish
gray

Limestione, very light gray, finely crystalline, fragmentel;
sanples contain much shale, as above

Samples nearly all shale, as above; traces of limestone,
as above

Limestone, as above; shale, dark greenish gray and
brownish gray, splintery

Limestone, as above with traces of glauconite; shale,
dark greenish gray

Limestone, very light gray, finely crystalline,
fragnental, glauconitic

Limestotis, very light gray, finely crystalline,
fragmental; with some sand grains becoming calcareous
sandstone in part, medium to fine grained, rounded,
quarts grains

Sandstone, very light gray, fine to medium grained,
calcareous

Sandstone, as above; samples mostly dark greenish gray
shale

Shale, brownish gray and dark greemish gray, splintery;
some sandstone, as above

Limestone, very light gray, finely crystalline, sandy;
shales, as above

Shale, brownish gray and dark greenish gray, splintery

Shale, as above; & little limestone, very light gray,
Linely crystalline, glauconitic, arenacsous

Sandstone, very light gray, fine grained, calcareous,
glauconitic, some limestons, as above; much shale,
as above

Sandstons, as above and pieces of igneous rock

Dark igneous rock - gabbro

W1/ W1/

Depth
4870 - 4880

4880 - L4895

4835 - L903

Northern Ordinance, Franklin Investment Company No, 1
sec, 35, T. 133 N., R, 75 W., Emsons County
North Dakota Geological Survey Well No, 16

Lithology

Linestons, light gray to light yellowish gray, fine
grained to finely crystalline; a little sandstone,
very light gray, very fine grained, slightly
calcareous

Saxdstons, very light gray, very fine to fine grained,
slightly calcareous

Sandstone, as above; a 1little shale greenish gray
flaky o platy, slightly ealcaro:ml ’

4903 « Circulation - Sandstone, as above; some shale, as sbove

k903 - L913
k913 - k930

4930 - L9ko
k9o - L96o
k960 - k995
k995 - 5000
5000 - 5020
5020 - 5060

Cores - Shale, greenish gray, sandy

Shale, greenish gray, platy; some sandsione, light
greenish gray, very fine grained '

Poor sample - shale, greenish gray and medium light gray
Shale, greenish gray, platy

Shale, greenish gray, splintery

Shale, greenish grey and pale brown, splintery

Shale, greenish gray, splintery

Shale, greenish gray and pale brown, splintery

5062 - Circulation ~ Sandstone, very light gray to reddish stained,

5060 - 5075
5075 - 5105
5105 - 5110

5110 - 5155
5155 - 5165

5165 - 5190
5190 - 5200

fine to coarse grained
Sandstone, as above, some pyrite cement
Sandstone, grayish orange, fine to coarse grained

Sandstone, as above; and loose medium to coarse, rounded,
frosted quartz grains

Sandstone, loose, very coarse to coarse, rounded, frosted
quarts grains

Sandstone, very light gray, fine grained; much loose
sand, as above

Sandstone, very light gray, fine to medium grained,
with seme coarse grained, calcareous, glauconitic

Sandstone, as above; some dolomite very light gray
finely crystalline to fine grained '
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5200 - 5225
5225 - 5245

5245 - 5270

5270 - 5275

5275 - 5280
5280 - 5320

5320 - 5350
5350 - 5353

Sandstons, very light gray o very pals orange, fine
grained, slightly calcareous, glauconitic

Sandstone, very light gray, fine to medium grainmed,
glauconitic, ealcareous; a little dolomite, very

light gray, f crystalline, glauconitic.
(5525-50) 2nd (20-5915)

Dolomite, very light gray, finely crystalline to fine
grained, granular, slightly glsuconitic; sandstons,
as above

A little sandsione and dolomite, as above; mostly
loose, coarse to very eoarse, rounded quarts

Dolomite and sandstone, as above »

Sandstone, very light gray, fine to coarse grained,
calcareous, glauconitic; some limestone, very light
gray, finely crystalline, fragmental
(5285-5295) and (5305-5320)

Sandstone, very light gray, fine to medium grained,
calcareous, glauconitic

Pink granite

Continental (il Company, Pure Gil Company - Davidson No. 1
SW 1/l SW 1/L sec. 6, T. 140 N., R. 77 W., Burleigh County
North Dakota Geological Survey Well No. 19

Depth
6440 - 6480

6480 - 6510

6510 - 6520
6520 - 6530

6530 = 6540
6540 - 6550
6550 - 6570

6570 - 6600
6600 - 6640
6640 ~ 6660
6660 - 6680

Lithology

Limestons, very light gray to yellowish gray, finely
ecrystalline, fragmental in part, slightly dolomitie

Limestons, as above; a little dolomite, light brownish
gray, microsucrosic; a few pieces of white chert

Shale, light greenish gray, calcareous, lumpy

Shale, medium gray, splintery, calcareous and light
greenish gray, splintery calcareous

Shale, medium gray and greenish gray, splintery, calcareous

Shale, dark greenish gray, splintery

Shale, dark greenish gray, 5 GY L/l, and dark yellowish
brown, 10 YR L/2, splintery

Shale, dark greenish gray, splintery

Shale, dark greenish gray, dark yellowish brown, splintery

Shale, dark greenish gray, splintery

Sandstone, very light gray, fime to medium grained,
roundsd to subrounded quarts, firmly cemented, some
pyrite cement, Becoming medium to coarse grained
(6670 - 6680)
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6680 - 6690 Sandstons, very light gray, with orange tinge frem

irona stt::, fine to medium grained, slightly

6690 - 6700 Sandstone, very light gray, very fine to fine grained,

calcareous; some sandstone, as above; shale, dark
greduish gray, splintery

6700 - circulation - Sandstone, very light gray, fine to coarse

6700 - 6710

6710 - 6720

6720 - 6730

6730 - 67Th0

6740 - 6830

6830 - 68L0

6840 - 6850

6850 - 6870

6870 - 6880

6880 - 68%

6890 ~ 6900
6900 ~ 6930
6930 - 6935
6930 - 6950
6950

gmi.mdl,1 m';.in ::;ghﬂt;:. caloareous; shale, dark
greenish gray, sp, ces of
gre ton.’ 3 glauoconite in

Sandstone, very light grey to light greenish gray very
fine to fine grained, slightly calcareous, arg’ilhceou;
shale, dark greenish gray and olive gray, splintery

Sandstone, as above; a little dolomite; ve ht gray
fine grained, granular 3 very Ug ’

Dolomite, very light gray, fine grained, granmular; some
mediun grained, slightly glaneonitic’ ’

Dolomite, as above; some sandstone: very ht gray
fine to medium ’grainod, calearosu e ’

Sandstone, very light gray, fine to medimm grained,
rounded, calcareous, slightly glauconitic in part

Sandstone, as above; shale, dark greenish gray to greenish
gray and olive gray, splintery; a little very light
gray, fragmental limestone,

Sandstone, very light greenish gray, very fine grained,
calcareous; shale, greenish gray, splintery to platy

Linestone, very light gray, fine grained, fragmental
glauconitic; shale, greenish gray, flaky o platy’

Linmestons, as above, becoming very glauconitic; a little
shale, greenish gray

Limestone, as above, sandstone, very light gray, very
fine to fine grained, calcarecus, ghneonitis

Sandstone, as above; some limestone, as above
Sandstone, very light gray, fine grained, glauconitic
Sandstone, as above; a few pieces of pink granite
Sandstons, as above

Circulation 1 hr. - pink granite
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ﬁ'ﬁighoic?om.-ﬁgnﬁfda?oézlw., Ramsey County
North Dakota Geological Survey Well No, 20
Depth Lithology
2990 « 3000 Limestone, very light gray to pinkish gray, fine grained.
3000 - 3050 limestone, pinkish gray, fine grained, argillaceous

3050 - 3059 Limestone, as above; some shale, light gray with
greenish tinge, calecareous

Cores 3059 - 311kh; recovered 50 feet; (1-l, refers to boxes 1 to L)

h lens and
- (1 Shals, greenish gray, blocky, calcareous, witl
© - (- eoz’wf-etion of nm;stono, light greenish gray, argill,

30 - (5-8) Shale, greenish gray, blocky and fissile, calcareous

30 - (9=10) Shale, éreenish gray, fissile, calcareous; some fossil
fregments

311); - 3130 Shale, greenish gray and light olive gray, platy, compact
3130 - 3160 Shale, greenish gray, platy

3160 - 3170 Shale, pale brown, platy to splintery compact; shale,
as above

3170 - 3190 Shale, greenish gray, platy to splintery

3190 - 3200 Shale, light olive gray and greenish gray, platy to
splintery

3200 - 3210 Shale, as above; a few loose, fine to medium, rounded,
quarts grains

frosted quarts
« 3218 Sand, loose, fime to coarse, rounded,
210 - 3 g;'ains, :;ostly fine to medium grained.

K Plymouth - F, Leuts No. 1
uﬁ’ NE 1/4 sec. 28, T. 1i2N., R, 89 W., Mercer County "
North Dakota Geological Survey Well No, 21 Circular No.
Depth Lithology
11,820 - 860 ILimestone, light brownish gray, very finely erystelline

11,860 « 900 Shale, greenish gray, platy, calcareous

11,900 - 920 Shale, dark greenish gray, platy, very slightly calcareous
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11,920 - 12,010 Shale, dark greenish gray, platy to splintery

12,010 - 020
12,020 - 050

12,050 - 060

12,060 - 080

12,080 -~ 130

12,150 - 160

12,160 - 170

12,170 - 200

12,200 - 230
12,230 - 290

12,290 - 340

12,340 - 370

12,370 - Loo

12,1400 - k20

lz,bzo - M‘o

Sample, as above

Sandstone, white, fine grain, firmly cemented; mostly
cavings

Sandstone, very light gray, fine grained, glauconitic;
sample mostly dark greenish gray shale

Sandstone, white, fine to medium grained, cemented and
sandstone, light greenish gray, fine grained with
interbedded greenish gray shale; sample mostly dark
greenish gray shale

Sandstone, white, fine to medium grained, subangular,
quartsoses friable

Dolonmite, 1ight yellowish gray, fine grained, with fine
to medium sand grains; some sandstone, white, fine
grained, slightly dolomitie

Very poor sample; nearly all cavings

Dolomite, very pale orange, very finely crystalline, some
fine grained, arenaceous dolomite

Dolomite, light brownish gray, fine to medium crystalline,
fragmental

Dolomite, as above; with some sand grains

Sandstone, very light gray, fine to medium grained,
calcareous

Sandstone, very light gray, fine to medium grained,
subangular to rounded, frisble, very slightly
calcareous, mostly medium grained; scattered small
amounts of greenish gray shale

Linmestone, very light gray, fine grained, silty and
some sandstone, as above

Linestone, very light gray to light brownish gray, very
finely crystalline, slightly arenaceous in part
(12,370 - 12,380)

Linestone, very light gray to light brownish gray, very
fine to medium crystalline, traces of glauconite

Limestone, as above; some shale, greenish gray, platy,
8lightly calcareous
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NE 1

12,440 ~ 500 Limestone, very light gray, fine to medium crystalline,

glauconitic; some shale, as above; more shale, as above

from (12,490 - 12,500)

12,500 - 520 Sandstone, very light gray to white, fine to medium

grained, calcareous, traces of glauconite; shale,
greenish gray; some limestone as above

12,52} - circulation - Sandstons, as above, and loose, medium grained,

rounded quarts

-

Magnolia Petroleum Company - Dakota "A® No. 1

/h 86C, 36’ T. lhl No, R. 73w0’ Kidder County

North Dakota Geological Survey Well No. 2k

Depth
5000 - 5050
5050 - 5140
5140 - 5160

516k - 5180
5180 - 5220

5220 - 5230
5260 - 5340
5340 - 5370

Lithology
Limestons, light gray to light yellowish gray, finely
crystalline to microsuerosic, slightly dolomitic; a
little chert, light gray

Limestone, yellowish gray, finely crystalline, fragmental
in part

Iimestone, as above; limsstone, light brownish gray,
very finely crystalline, dense, dolomitic

Samples, as above

Limestone, very light gray, fine grained to finely
crystalline, fragmental (ditch samples)

Shale, platy to flaky, soft, greenish gray, 6GY &/1
Shale, greenish gray, 5G 6/1, splintery, brittle

Shale, greenish gray and light olive gray, splintery,
brittle (traces of sandstons (5360-5370))

5371 = circulation - Sandstone, very pale orange, very fine to medium

and coarse grained; loose quarts, fins to very coarse,
rounded, colorless

5370 » 5380 Mostly loose quarta grains, as above; some very pale

5380 - 5390 Sandstone, grayish orange, fine to medium grained, fimly

5390 « 5400 Sendstons, grayish orange, fine to coarse grained, firmly

orange sandstone, as above

cemented

cemented
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NW 1/,

5400 - 5420
5420 - 5430

5430 - 5k50

5450 - 5460

5460 - 5500
5510 - 5580
5580 - 5600

5600 -

Bepth
7050 « 7090

7090 - 7110
7110 - 7130
7130 - 7140

7140 - 7180
7180 - 7210

7210 - 7310
7310 - 7320

Sandstone, fine to Yery coarse, very pale orange

Sandstone, as above; loose coarse to ve
rounded, quarts Erain ’ T Gosra,

Sand, loose, mediwe to very co
qoarty ‘;. - Iy coarse, rounded, frosted,

Dolomite, very light gray, very fine to fine
grained
glauconitic, sandy; some sandsto 4
interbeddsd green shale 7 82 above, wita

Dolonmite, very pale orange, fine grained anular;
much loose sand, as above in samples i5gh20-5h705

Dolomite, pale red to grayish orange pink, medi
grained, glauconitic nee pink, m

Dolonite, as above; some loose coarse to v
rounded, frostec’l, quarts gr:ined S Goaxse,

Granite, orange; mueh sand, loose coars:
rounded, frosted, qunrt; grain; ® o very coarse,

Phillips P.t;;h;l,lggrtor Gil - Dakota No, 1
sec, 29, T, N., R. 81 W., Morton Coun
North Dakota Geological éurvey weli No. 26 v

Lithology
Limestone, 1light yellowish gray to light
gray, fine
crystalline to fine grained, granular; a {ittle v
chert, light gray to white
Very poor samples

Limestone, light gray, fine grained ula
greenish tinge, slightly argill, =’ Slight

Sandstone, very light gray, very fine ined
limestone, as above e o 3 sone

Sandstone, as above

Shale, medium dark gray, platy, compact; some light
grey to light greenish gray lumpy, compact shale

Shale, greenish gray, 5G 6/1, platy to splintery brittle

Shale, as above; a little s
ri:n grainad’ tndstone, very light gray,
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7320 - 7340

7340 - 7370

7370 - 7380

7380 - 7L40O

7400 ~ 7LLO

7440 - Thé0

7u60 - 7500

7500 - 7530

7530 = 7550

7550 - 7560
7560 -~ 7580

7580 - 7600
7600 - 7610

7610 -« 7630

7660 - 7670

7670 - 7690

7690 « 7710

Sandstone, very light gray, medium to fine grained,
calcareous

Sandstone, very light gray, fine to coarse grained,
calcareous

Sandstone, as above, a little glauconite

Sandstone, very light gray, very fine to fine grained,
calcareous; shales, greenish gray to dark greenish
gray and brownish gray, splintery, brittle

Sandstons, very light gray, fine to medium grained,
calcareous, some shale, greenish gray, splintery

Sandstone, as above; shals, greenish gray and olive gray,

Sandstone, very light gray, very fine to medium grained,
calcareous

Sandstone, as above with loose, medium to coarse grained,
rounded quarts

Sandstone, very light gray, fine grained, glauconitic,
calcareous; some limestone, yellowish gray, fine
grained to finely crystalline, fragmental, glauconitic

Limestone, as above; some sandstone, as above

Sandstone, very light gray, fine to medium grained; shale,
greenish grey, platy, some olive gray and medium dark

gray
Shale, as above

Dolomite, very pale orange, miscrosucrosie, slightly
glauconitic; much shale, as above

Sandstone, very light gray, fine grained, glauconitic,
calcareous and limestons, very light gray, fine to
medium grained, fragmental, gleuconitic

Limestone, very pale orange, medium grained, granular,
slightly dolomitic, glauconitie, some limestone, very
light gray, as above

Sandstone, very light gray, fine grained, calcareous,
glauconitic, limestone, as above

Sandstone, as above; some interbedded shale, medium gray
and limestone, very light gray, fine to medium grained,
glauconitic
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7710 - 7720

7720 = 7740

7740 - 7750
7750 « 7760

7760 ~ 7770

7770 - 7780

Depth
3200 - 3210

3220 - 3235
3235 - 3245

325 - 3250

3250 - 3260

3260 - 3270

3270 - 3275

3275 - 3290
3300 - 3315
3315 - 3350

cores
3352 ~ 3378
3378 - 33%0

Sandstone, very light gray, fins to medium grained,
calcareous, glauconitic, some limestons, as above

Limestone, very light gray, very finely crystalline,
fragmental in part; some sandstone, as above

Sample nearly all shale, greenish gray

Sandstone, very light gray, mediumm to coarse grained
slightly caleareous * & ’

Sandstone, loose coarse, rounded quartz grains, some
sandstone, as above ! ’ & '

Sand, as above; some green chips of schistose rock

Union Gil Company - C, Skjervheim No, 1
Né 1/ NE 1/k sec. 28, T. 159 N., R. 63 W., Cavalier County
North Dakota Geological Swrvey Well No,. 27; Circular No. 106

Lithology

Limestone, very light gray with a reddish tinge in part
fine grained to finely crystalline, fragmental ’

Limestone, as above

Limestone, very light gray, fine grained to finely
crystalline, some shell fragments

Limestone, very light grey to light gr fine grained to
finely crystalline erays &

Limestone, as above and some shale reenish gra G
podyiri B N gray, 56 6/1,

Limestone, very light gray to light gray, fine ined to
finely crystalline, fragmental ’ gre

Limestone, as above; a little shale, medium light gray
with a greenish tinge, calcarsous

Shale, greenish gray, 5G 6/1, calcareous, platy to lumpy
Shale, greenish gray, platy

Shale, greenish gray, pale olive and pals
yellowish brown, splintery

Shale, greenish gray, lumpy, soapy
Shale, greenish gray, platy to lumpy
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3390 - 3395 Shale, greenish gray and pale olive, splintery

cores to platy
3395 - Sandstone, very light gray, fine to medium, rounded,
core 1, 2 colorless, quartz grains, friable

3395 - 3408
core 3 Sandstone, light gray, fine to medium grained, firmly
cemented, silty, some pyrite cement

core i  Sandstone, very light gray, fine to medium, rounded
quartz grains, silica cemented; and pink, coarsely
crystalline granite; one pisce of weathered gray
granite

core 5 Quartz diorite
Red River Development Company - E, Berg No. 1

SW 1/l sec, 35, T. 152 N., R. 51 W., Grand Forks County
North Dakota Geological Survey Well No. 29

Depth Lithology

350 - 370 Shale, grayish red, slightly calcareous

370 - 390 Sandstone, loose, very fine to medium grained, rounded,
slightly frosted, quartz grains

390 - 40O Sandstone, loose, as above and a few chips of white and
reddish gray, cemented sandstone

4oo - 430 Unconsolidated sandstone, very fine to fine, rounded,
slightly frosted grains

L30 - Lo Poorer sample - sandstone, as above; shale, brownish
gray, flaky, calcareous

hlo - Granite, light colored, quartz, horneblende mica, feldspar

SN 1/ W0 1 sac. 1o, T 157 oy Ba 95 ey Wililans County

" North Dalota Geological Survey Well No. 32; Circular No. 16
Depth Lithology

13,370 - 410 Limestone, brownish gray, finely crystalline

13,410 - 415 Poor samples

13,415 - 425 Limestone, as above
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13,&25 - 560

13,560 - 570

13,570 - 629

13,629 - 638

13’638 - 6)4»3

13,6u3 - 656

13,656 - 658

13,658 = 664
13;661‘ - 669

Shale, dark greenish gray, 5¢ L/1, to greenish black,
SGY 2/1, platy, compact

Sandstone, fine to medium grained, firmly cemented with
silica cement

Sandstone, fine to medium grained, firmly cemented, some
pyrite cement, dark carbonaccous streaks

Sandstone, fine to coarse, subangular grained quartzose,
friable

Sandstone, fine to coarse grained, poorly cemented with
clay

Sandstone, very fine to medium grained, friable with dark
carbonaccous streaks

Sandstone, fine to medium grained, firmly cemented with
gilica

Sandstone, quartgitic, medium grained, a few pyrite nodules

Sandstone, medium to coarse grained, colorless, subangular
quartz, slightly friable

13,669 ~ (1st section) Sandstons, white, very fine to medimm grained,

friable

13,709 - (2nd - Lth section) Sandstone, white, fine to medium grained,

California Compa
SW 1/l SE 1/4 sec. 31, T. 160 N., R, 81 W., Bottineau County
North Dakota Geological Survey Well No. 38; Circular No. 7

Depth
7800 ~ 7820

7836 - 7866
7866 - 7870

7870 - 7980

7980 = 7990
cores

7990 - 8010

friable

ny - Be Thompson No, 1

Lithology

Limestone, very light gray to light gray, very fine to
finely crystalline, fragmental

Limestone, light gray, very finely crystalline

Limestone, as above; a little shale, greenish gray,
5GY 6/i, calcareous

Shale, dark greenish gray, 5GY L/1, splintery

Sandstone, very light gray, fine grained, subrounded
quartz, firmly cemented

Sandstone, very light gray, fine to medium, rounded to
subrounded, quartz grains with thin shale stringers,
firmly cemented
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8010 - 8030 Sandstone, very light gray, medium grained, subrounded 3860 - 3870 Shale enish
to rounded quarts, with some shale stringers, quite > &7 gray, 561 6/12 flaky to Platy, calosreous
friable 3870 - 3880 Shale, greenish gray, platy to splintery, brittle
8030 ~ 8040 Sendstone, very light gray, fine to medium grained, 3880 - 3970 Shale, greenish and ligh
submu.z’aded to rounded, colorless quartz grains, br;.tilo grey and ight olive gray, splintery,
quite friable
3970 - 3980 Shale, pale red, 10R L/2, flaky: i
8040 - 8060 Poor samples, few pieces of sandstone, as above, much gr;ined, fri;ble, f;‘t{n;t:os]eq 3 & little sandstons, fine
shale caving
3980 - 3990 Sandstone, pinkish fine ined
8060 - 8076 Sandstone, very light gray, very fine grained, calcareous, * P s gra » dolomitie
silty; some sandstons, as above 3990 - 4010 Sandstone, pinkish gray, varying from very fine grained
t0 medium grained, so
8076 - 8080 Sandstone, very light gray, fine to very fine grained, medium quagz grai’.m me pyrite cemented, some loose
very slightly calecareous
l0l0 - 4020 Sandstone, light gray to pinkish gray, very fi
to
8080 - 8126 Sandstone, as above, fine to medium grained fine gx’-ained, glauconitic, andgpiziishrzray:arine to
medium grained, friable
8126 - 8130 Sandstone, very light gray, very fine to fine grained, & ’
slightly calcareous, and glauconitic; much sandstone, 4020 - LOLO Sandstone, moderate red, very fine grained, dolomitic,
as above ghu:nlijt_!j: grading to pale red, fine to medium
¢ dolomite
8130 - 8136 Sandstone, glauconitic, as above; some shale, medium e
gray to dark greenish gray, splintery with some Loko - k070  Sandstone, mod. orange pink, fine grained, friable,
glauconitic nodules 8lightly caleareous and glauconitic
8226 - 8236 Sandstone, as above; scme shale, as above k070 - 4090  Dolomite, pale red, 5R 6/2, medium erystalline, good
intergranular porosi arenaceous ding in
8236 - 82440 Shalte’; dark greenish gray, splintery and sandstone, as sandstone, pale red, 1;E.ne grained, ’do‘;:mitic b
above
LO90 - k120 Sandstons, pale red to grayish red
8240 - 8246 Sandstone, loose, medium to coarse, rounded to subrounded mdim,gzgained, dologtic red; 108 L/2 fine to
quarts; much sandstone and shale in samples
1120 - 4130 Sandstone, as above becoming med '
8246 - 8250 Sandstone, as above and a few pieces of granite ? ’ medium to coarse grained
1130 « 4140  Sandstone, medium to very coars ded
8250 - 8270 Granite qvartz’grains i ®» rounded frosted loose
k3 - Orange pink granite
Barnett Drilling Incorporated - J. Gaier No. 1
MW 1/h MW 1/ see, 11, T. 141 N., R, 67 W,, Stuteman County
North Dekota Geological Survey Well No. 4O; Circular No. 11 Peak Drilling Company - Glhauser Wo. 1

RE 1/ SE 1/l sec. 8, T. 132N., R, 78 W., Bumons County
Depth Lithology Forth Dakota Geologicsl Survey Well No. k3; Circular No. 83
3750 ~ 3760 Limestone, light gray, finely crystalline

3770 - 3790 Limestone, light gray, finely crystalline

Depth Lithology

5362 - circulation = Siltstone, very light gray, calcareous grading
to very fine grained sandstone
3800 - 3810 Sandstone, very light gray, very fine grained, calcareous

3810 - 3860 Siltstone, very light gray, calcareous; a little sandstone,
as above

5360 - 5380 Siltstone, as above; sample mostly Red River cave
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5380 - 5410 Shsale, greenish gray, soft, platy, sample mostly cave

5410 - 5540

Shale, greenish gray, 5¢ 6/1, platy to splintery, compact

5550 « circulation - Sandstone, fine to medium grained, subangular to

5560 - circulation - Dolomite, very light gray, fine to medium crystalline,

5560 - 5620
5620 - 5630

5630 - 5710

5710 - 5730

5730 « 5790

5790 - 5800

5800 - 5880

5880 -

rounded, colorless quarts, weakly cemented

arenaceous, slightly glauconitic grading to dolomitic,
very fine to medium grained sandstone

Dolomite, as above

Dolomite, as above; some sandstone, fine to medium
grained, rounded, colorless quartz

Samples, as aboves; with some medium to coarse grained,
rounded, quartz grains

Dolomite, fine to medium crystalline, granular, traces
of glauconite

Dolomite, light gray, fine to coarsely crystalline,
glauconitic, arenaceous

Dolomite, as above; some loose, medium to coarse, rounded
quartz grains

Dolomite, light gray to light yellowish gray, fine to
mediur crystalline granular, slightly glauconitic
becoming very glauconitic 5830 -~ 5880 grading to
dolomitic sandstone

Granite, orange pink

W. H. Hunt Estate -~ J, A, Wald No, 1
SE 1/ SW 1/ sec. 23, T, 155 N., R. 81 W,, Ward County
North Dakota Geological Survey Well No. 47; Circular No. 12

Depth

8150 ~

Lithology

Very poor samples
Limestone, very light gray, sublithographic to finely

crystalline, fragmental

- samples same to 8230

8230 -~ 8328

8328 -

Shale, greenish gray, splintery
Sandstone

8330 - 8350 Samples, as above
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Hunt il Com
W 1/} SE

8350 - 8410

8410 - 8420
8420 - 8440

8440 - 8480
8480 ~ 8510

8510 - 8570

8570 - 8652

Depth
6900 - 6940

6940 - 6960
6960 - 6980
6980 - 7030
7030 - 7060

7060 - 7100
7100 - 7110
7110 - 7130

7130 - 70

1/4 s

Sandstone, medium to very coarse, rounded uartz, ve
friable; much cave in aauples’ > 4 i

Sandstone, fine to medium grained, cemented

Sandstone, fine to coarse grained, firmly cemented,
some pyrite cemsnt

Sandstone, as above; a few pieces of dolonite, very
light gray, finely crystalline, slightly glauconitic

Sandstone, _very light gray, calcareous, slightly
glauconitic, fine to medium grained

Sandstone, very light gray, fine to coarse grained,
silica cemented, weakly cemented, slightly calcareous;
scattered glauconite and greenish gray shale

Sandstone, very light gray, fine to medium grained,
glauconitic, firmly cemented, slightly calcareous

/Eany - i. Lenn;srtz No. 1
eCe 7, To 3"., Ro 77 W. Mcﬂem Count;
North Dakota Geological Survey Well No. 6i; Circulsar No).' 24

Lithology

Limestone, very light gray, finely crystalline, fine
grained

Limestone, very light gray, fine grained, silty
Shale, dark greenish gray, 5GY 4/1, platy, calcareous
Shale, dark greenish gray, 5GY L/1, splintery, brittle

Shale, dark greenish gray and light olive gra la
splintery, brittle, compact gray, platy,

Shale, dark greenish gray, splintery to platy, brittle
Samples poor - mostly limestone and shale cavings - some
].oo;:s sand, fine to medium, rounded to subangular

gra

Sandstone, very light gray, very fine to medium grained,
rounded to subangular, quartzose, quite friable

Mostly fine to coarse, loose, rounded to subrounded
quartz; some cemented sandstone, as above
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7140 - 7190 Sandstone, very light gray, very fine to medium grained,

7190 - 7210

firmly cemented for the most part

Sandstone, véry light gray, very fine to fine grained,
somewhat friable, well sorted

Hunt 0il Company « O. Olson No. 1

SW1/4 NW 1

sec. 18, T. 163 N., R. 77 W., Bottineau County

North Dakota Geological Survey Well No. 6L; Circular No. 9

Depth
6130 - 6160
6160 - 6300
6300 - 6310

6310 - 6330
6330 - 6340

6340 - 6350
6350 - 6360

6360 - 63%0

6390 - 6410
6110 -

Lion 041 Co
NW 1/4 NW 1

Lithology
Limestone, very light gray, fine grained, fragmental
Shale, greenish gray, splintery

Sand, loose, fine to coarse, rounded quartz and some
cemented, fine grained quartz

Sandstone, fine grained, subangular to rounded, cemented
quartz

Sandstone, very light gray, fine grained, glauconitic,
calcareous; shale, greenish gray

Poor sample

Sandstone, very light gray, fine grained, calcareous,
glauconitic and greenish gray shale

Dolomite, very light gray, fine to medium crystalline,
glauconitic; sandstone, as above

Sandstone, as above; some loose, medium, rounded quarts

Granite, light gray

any - Huss No, 1
sec. 23, T. 163 N., R. 75 W., Bottineau County

North Dakota Geological Survey Well No. 110; Circular 38

Depth
6160 - 6190

6190 - 6200

6200 - 6220
6220 - 6230

Lithology

Limestone, very light gray, fine grained to finely
crystalline, fragmental

Shale, light greenish gray, very calcareous, silty;
much limestone, as above

Shale, as above

Shale, as above and greenish gray, splintery
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6230 -~ 6350
6350 - 6370

6370 - 6380

6380 - 6390

6400 - 6410

6410 - 6420

6420 - 6430

Depth
2600 = 2650
2650 - 2670

2670 - 2730

2730 - 2810

2810 - 2850
2850 - 2890

2890 - 2910

2910 - 2918

2918 -

Shale, greenish gray, brittle, splintery

Sandstons, loose, fine to coarse grained, rounded,
frosted quartzose; some poorly cemented (6360-6370)

Sandstone, loose, as above; some fins to medium grained
partly cemented with pyrite

Sandstone, very light gray, very fine to fine grained,
glauconitic, slightly calcareous

Sandstone, as above; dolomite very light gray, medium
crystalline, glauconitic, ;:thy ’

Sandstone, loose, fine to very coarse grained, rounded,
frosted quartzose

Sand, as above; scome orange pink granite

General Atlas Carbon Company - A. Peplinski No. 1
SE 1/4 NW 1/h sec.21, T. U2 N., R, 63 W., Stutsman County
North Dakota Geological Survey Well No. 120; Circular 15

Lithology
Linestone, very light gray, finely crystalline

Samples, as above with medium to coarse loose, quartsz
grains

Limestone, light gray, fine grained, silty; (very poor
samples 2690-2730) shale, greeni;h gray, platy,
calcareous (2690-2730)

Shale, greenish gray, platy to splintery, brittle

Shale, grayish red, platy to flaky

Sandstone, loose, fine to coarse grained, rounded to
subangular quarts

Sandstone, grayish red to pale red, fine to medium
grained, dolomitic, traces of glauconitic

Sandstone, loose, fine to coarse grained, rounded to
subangular, quartz grains

Grenite - no samples



Continental Oil Company - P, McCay No. 1

W4 1/h NW 1/4 sece 32, T. 137 N., R. 76 W., Burleigh County

Forth Dakota Geological Survey Well No. 1i5; Circular 21

Depth
5760 - 5790
Cores
5790 - 5812}
58124 - 5815

5815 - 5819

5819 - 58223

5828 - 5830

5830 - 5831%
58314 ~ 5834
Samples
5830 - 5870
5870 - 5895
5895 - 5920
5920 - 5965
5965 - 5985

5985 - 6080

6080 - 6110

Lithology
Shale, greenish gray, splintery, brittle

Shale, greenish gray, blocky, compact

Sandstone, very fine to medium grained, subangular to.
rou‘nde:i colorless quariz, very friable, some brownish

staining

Sandstone, very fine to medium grained, firmly cemented
and shale, greenish gray, platy

Sandstone, very fine to medium grained, subangular to
rounde:l, very friable, some brownish staining, no
fluorescence

Shale, greenish gray, blocky, compact with a few "floating"
sand grains

Shale, as above, with floating sand and glauconite grains
Dolomite, very light gray, finely crystalline, granular

Dolomite, as above

Dolomite, light gray, fine to coarsely crystalline,
arenaceous, traces of glauconite; some sandstone, as

below

Sandstone, very fine to medium grained, dolomitic; some
dolomi:.e, as above; much loose fine to medium grains

Sandstone, fine to coarse grained, slightly dolomitic,
some loose grains

Sandstone, fine to medium grained, dolomitic, grading to
a sandy dolomite

Dolomite, very light gray, fine to medium crystalline,
sandy, glauconitic; poor samples

Ioose sand, fine to medium grained, rounded, quartz;
some dolomite, as above
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6110 - 6115

6115 - 6125
6125 - 615

Dolomite, very light gray, fine to medium crystalline,
sandy, slightly glauconitic

Dolomite, as above; loose sand, as from 6080-6110
Sandstone, fine to medium grained, rounded, slightly

glauconitic and dolomitic; some loose sand, as aboves
some dolomite, as above

6180 - circulation - Light gray to dark gray granite goreiss

Continental @il Company
W 1/h

Depth
6400 - &5
6115 - 6425
6425 - 61430
6430 - 6435
6435 - 660
6460 - 6510
6510 - 6570

Core -

6570 - 6575

6575 ~ 6576

6576 - 6580
6580 - 6582
6582 - 658l
658l ~ 6592

6592 ~ 6594

= Duemeland No, 1

N 1/ sec, 3, T. 14O N., R, 77 W., Burleigh County
North Dakota Geological Survey Well No. 17);

Lithology
Limestone, light gray, finely crystalline
Shale, greenish gray, Platy, calcareous
Shale, as above; siltstone, very light gray, calcareous
Shale, as above
Shale, as above; siltstone, greenish gray, calcareous
Shals, greenish gray, splintery, brittle
Shale, greenish gray and olive gray, splintery, brittle
Folio descriptions

Shale, brownish gray, streaked with fine to coarse sand
at 6571

Sandstone, fine to medium, quartzose, well rounded, well
sorted, friable; light gravity oil stain

Sandstone, as above; o0il stain and cut

Shale, brownish gray, waxy

Sandstons, fine to medium grained, quartzose, well rounded

Sandstons, medium grained, quartzose, very friable,
subangular to rounded, poor to fair sorting, spotty
stain and cut

Sandstone, fine grained, quartzose, subangular to well
rounded, imbedded shale pellats
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659k - 6595
6595 - 6629

6629 - 6638
6638 - 6647

6647 - 6653
Samples
6655 - 6660
6660 - 6680
6680 - 6690
6690 - 6730

6730 -

6730 - 6760
6760 - 6765

6765 - 6775

6175 - 6780
6780 = 6790
6790 - 6825
6825 - 6835

6835 - 6860

Shale, greyish brown, sandy streaked

Dolomite, brownish gray to grayish brown, micro to finely
crystalline, slightly argillaceous and laminated
with shale pyritic, locally, very slightly sandy,
glauconitic in part

Dolomite, as above

Limestone, browm, coarsely crystalline, sandy, slightly
argillaceous to laminated with shale grades into
calcareous sandstone - 47

Sandstone, brown to tan, mottled, very calcareous, poorly

sorted, argillaceous; very fine to fine grained, well
rounded and frosted in the last foot.

Sandstone, very light gray, very fine to fine grained,
calcareous glauconitic (samples mostly cave)

Sandstone, fine to very fine grained, quartszose, (very
slightly calcareous) subangular to rounded (samples poor)

Sandstone, fine to medium grained, subangular to rounded,
very slightly calcareous

Sandstone, as above; some coarss, rounded quartz grains,
becoming coarser 6720-6730; traces of glauconite
(6725-6730)

Shale, brownish gray and greenish gray
Splintery, brittle, slightly calcareous

Dolomite, very light gray, fine grained, granular, traces
of glauconite and sand

Limestone, very light gray, fine grained, glauconitic;
some dolomite, as above

Limestone and dolomite, as above; some shale, greenish gray
Limestone, very light gray, fine grained, glauconitic
Samples mostly greenish gray shale

Sandstone, very fine to fine grained, glauconitic; well
sorted, quite friable (sample poor)

Sample mostly shale, greenish gray
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%n:i/zantal /gil Company « Ieuth No. 1
1/4 sec. 27, T. 146 N,, R, 73 W., Wells Count
North Dakota Geological Survey P’le]i No. 267; c:l.rcularyzo

Depth
5605 « 5655

5615 - 5685
5685 - 5715

5735 - 5750
5825 - 5855
5855 - 5875

5875 - 5890

5890 ~ 5965

5915 - 5920
5920 ~ 5925
5925 - 5935
5935 - 5965

5990 - 6005

6005 -

Lithology
Limestone, yellowish gray, finely crystalline to fine
greined; some light gray chert; boitom 10 feet, very
poor sample
Shale, greenish gray, splintery to flaky

Shale, greenish gray, 56 6/1 splin
sp]’.intery Y /1 8p tery, some olive gray,

Shale, greenish gray, splintery
Cavings

Sandstone, loose, medium to very coarse, rounded,
frosted quarts grains

Sandstone, very light gray, fine to coarse grained
slightly calcareous ’ & ’

Sandstone, pinkish gray, fine to medium grained, fairly
well cemented; much medium to coarse, loose, rounded,
frosted quartz

Sandstone, cemented, as above; a few chips of ve
ry light
gray, fine grained, glauconitic limestone e

Sandstone, light brownish gray, very fine grained, limey,
glauconitic; some sandstcne, pinkish gray, as above

Sandstone, pinkish gray, very fine to coarse
grained, well
cemented, slightly calcareous ’

Sandsbom, pinkish gxa’ to yellomh £gra, ve.‘l:y fm w
y’
Mdim grained’ calcazeous’ slﬂuconitic

Sangshtone;i :;ry light gray, fine grained, calcareous »
uco c; some limestone, very light £in
grained, gL;uconitic 2 YT Lght grey, ®

Granite, pink
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Carter 0il Company - North Dakota State No. 1
NE 1/L SE 1/k sec. 16, T. 143 N., R, 71 W,, Kidder County
North Dakota Geological Survey Well No. 230; Ciroular 32

Depth
4750 - 4770
4770 - L4810

4810 ~ L8B30
L8Lo - L4850
4860 - L4870
14870 ~ L9ko

L9lo - 4980
14980 - L995

Core =
5010 - 5065

Lithology
Poor samples, Cretaceous shale cavings

Limestone, white to very light gray, fine grained,
chalky; a little chert, very light gray

Sample mostly Cretaceous shale cave
Samples, same as above
Limestone, white, as in 4770-4810

Sample mostly Cretaceous shale cave; some shale, greenish
gray, platy to splintery

Shale, greenish gray, splintery

Shale, greenish gray and grayish red, SR 4/2, splintery
Unavailable, file description

Rec, L42' sand, broken with occasionsl red dolomitic shale

Amerada Petroleum Corporation - H, May Unit No. 1

NW 1/ NE 1

/b sec. 9, T. 139 N., Re 100 W., Billings County

Forth Dakota Geological Survey Well No. 291; Circular 50

Depth

12,929 - 93!-‘

12,93k - 935
12,935 - 936
12,946 - 951
12,951 - 956
12,956 - 966

12,966 - 976

Lithology

et stattered Sedion grains 504 groenish gray Snale

stringers, slightly friable
Sandstone, as above and shale, medium dark gray, platy
Sandstone, as above and white, sedimentary quartzite
Shale, mediwn to medium dark gray, platy, velvety
Limestone, medium light gray, micro-crystalline, dense
Limestone, medium light gray, finely crystalline with

scattered medium crystalline, scattered pyrite

(961-966)

talline
Limestone, medium light gray, fine to medium crys
tragnex’xtal; a couple of thin, dark gray shale stringers

-llBu

12,976 ~ 996

Limestone, medium gray to light brownish gray, very
finely crystalline, scattered medium crystalline, and
thin dark gray shale stringers

12,996 - 13,000 Sandstone, light gray, fine to mediwm grained, shaly,

13,000 - ool
13,004 - 014
13,01k - 019
13,019 - 020

13,020 - 033

calcareous

Sandstone, white, medium grained, quartzitic cement with
greenish gray shale stringers

Sandstone, white to light browmish gray, medium grained,
calcareous

Sandstone, as above and medium to coarse grained with
shale stringers

Sandstone, white, fine to medium grained; shale stringers,
slightly calcareous

Sandstone, white and light brownish gray, medium to
coarse grained, calcareous; some thin medium gray
shale stringers

13,033 - 038% Sandstone, white to light brownish gray, fine to coarse

13,045 - 070
13,073 - 078

13,078 - 112
13,112 - 115
13,115 - 120

13,120 - 127

13,127 - 154

13,154 - 155
13’155 - 157

13,157 - 158

grained, some shale stringers, calcareous
Sandstone, as above, white from (13,053-13,070)

Sandstone, white, medium to coarse grained, angular to
subangular, quartzose

Sandstone, white, fine to coarse grained, quartzose
Sandstone, white, £ine to medium grained, quartzose

Sandstone, white, fine to coarse grained; some shaly
stringers

Sandstone, light gray, fine to medium grained, slightly
argillaceous and shale, medium dark gray

Sandstone, white to light gray, fine to medium grained,
8lightly calcareous; some thin beds of shale, medium
dark gray (13,136-13,142 and 13,150-13,15k)

Limestone, medium light gray to light brownish gray,
fine to coarsely crystalline, fragmental, glauconitic

Sandstone, light gray, fine grained, calcareous; some
shale, medium dark gray

Sandstone, green, fine to medium grained, glauconitic,
calcareous, pyritie
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13:158 - 162
13:165 - 167
13,167 - 169

13,169 - 179

13,179 - 162
13,182 - 221
13,221 - 236
13,236 - 242
13,242 - 252
13,252 - 259
13,259 - 274

13,27k ~ 276
13,276 - 285

13,285 - 287
13,287 - 288
13,288 - 295
13,295 - 297

13,297 - 301

Sandstone, light gray, very fine grained, slightly
calcareous, looks like quartzite with medium dark
gray, shale stringers

Sandstone, as above, with thin shals stringers

Limestone, light brownish gray, fine to medium crystalline,
fragmental

Limestone, light gray, fine grained, sil};y H:Lth some
shale, medium dark gray, stringers slightly
glauconitic (13,175-13,179)

Limestone, light gray, medium to coarsely crystalline,
fragmental, glauconitic, with thin shale lenses

Limestone, light gray, fine o medium crystalline, with
thin shale stringers

Interbedded limestons and shale, as above; glauconitic
(13,231-13,236)

Limestone, light gray, medium to coarsely crystalline,
fragmental, glauconitic with some shale layers

Limestone, light gray, fine to medium crystalline, with
some shale layers, medium gray

Limestone, light gray, very finely crystalline, some fine
to medium crystalline

Limestone, light gray, very fine to medium crystalline,
interb;ddod with m;dium to coarsely crystalline limestone

Shale, medium gray, calcareous

Limestone, light gray, fine to medium crystalline,
interbedded with shale, medium gray, calcareous

Limestone, light gray, very finely crystalline
Limestone and shale, as from (276-285)
Limestone, light gray, medium to coarsely crystalline

Limestone, as above, interbedded with finely crystalline
limestone; shale stringers

Limestone, light gray, medium to coarsely crystalline,
glauconitic
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13,301 - 307 Sandstone, light gray, fine to medium grained, calcareous,

glauconitic with argillaceous layers

13,307 - 325 Limestone and shale, as from 13,295-13,297)

Pure 0il Go%u;y - J. Carr No., 1
NE 1/h KE 1/L sec. 15, T. 146 M., R. 66 W., Foster County
North Dakota Geological Survey Well No. 4O03; Circular 43

Depth
3310 - 3325

3325 - 3350
3350 - 3400

3400 - 3405
3405 - 3425
3425 - 3U430

3430 - 3495
395 - 3535
3535 - 3540

3540 - 3545

355 -

Lithology

Limestone, pinkish gray, fine greined, some limestone,
light yellowish gray, finely crystalline

Limestone, as above, a little white chert

Samples poor - some limestone, as above; a few chips of
light greenish gray, calcareous siltstone 3380-3385

Poor samples
Shale, greenish gray, 5G 6/1, platy, slightly calcareous

Shale, greenish gray and olive gray, platy to splintery,
slightly calcarsous

Shale, greenish gray, 5G 6/1, splintery, brittle
Shale, greenish gray and olive gray, splintery, brittle

Shale, as above; some limestone cave and a few loose,
medium quartz grains

Sandstone, loose, fine to medium grained, subangular to
rounded quartz

Weathered, gray igneous rock

Herman Hanson ¢il Syndicate - M, Mueller No. 1
NE 1/4 NE 1/ sec. 20, T. 14ON., R. 65 W., Stutsman County
North Dakota Geological Survey Well No. 406; Circular 51

Depth
2980 - 3010

3010 - 3030

Lithology

Limestone, very light gray, fine grained to finely
crystalline, fragmental

Sandstone, very light gray, very fine to fine grained,

calcarsous, limestone, light gray, fine grained,
arenaceous
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3030 - 3050

3050 - 3100

3100 ~ 3160
3160 - 3200
3200 ~ 3216
3216 - 3230

3230 - 3250

3250 - 3270

3270 - 3277

core

3277 - 3280

3280 - 3285

3285 - 3290

3290 - 3295

3295 - 3300

3300 - 3305

3305 -

Shale, light greenish gray, lumpy to flaky, calcareous,
slightly silty (poor samples)

Shale, as above; sandstone, very light gray to light
greenish gray, very fine grained, silty, calcareous

Shale, greenish gray, platy to splintery, brittle
Shale, grayish red, flaky; shale, greenish gray as above
Shals, greyish red and light olive gray, 5Y 5/2, flaky

Samples, same as above; a few loose quartz grains, fine
to medium grained, rounded

Sandstone, grayish orange pink, fine grained, friable,

traces of glauconite and shale, greenish gray and grayish

red

Sandstone, as above, and grayish pink, fine to medium
grained, subangular to subrounded

Sandstone, grayish red to grayish pink, fine to medium
grained, dolomitic, traces of gluaconite

Sandstone, very light gray, very fine to fine grained,
friable, with thin shale, greenish gray, streaks

Sandstone, very light gray to pinkish gray, very fine
to fine grained with scattered medium grains

Sandstone, pale red, very fine to fine grainmed, slightly
dolomltic

Sandstone, very light gray, very fine to fine grained,
friable, quartzose

Sandstone, very light gray, very fine to fine grained,
some medium grains, rounded, quartzose, very friable

Sandstone, as above with a few medium to coarse,
subangular quartz grains

Weathered pink granite

Gulf 0il Corporation - Dorough, Federal No. 1
NE 1/L SW 1/4 sec. 2L, T. 143 K., R. 103 W,, Golden Valley County
North Dakota Geological Survey Well No. 410
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Depth
13000 - 3010
13010 - 015
13015 - 025
13025 - 035
13035 - 080

13080 - 114
1311 - 120

13120 - 133
cores

13133 - 135

13135 - 139
13139 -~ W5

13145 - W9

13149 - 151

13151 - 157
13157 - 159

13159 - 164

Lithology

Limestone, light brownish gray, very finely crystalline
dense, slightly argillaceous; some shale, black, '
platy, brittls, calcarecus

Shale, dark greenish gray, platy to splintery,
none-calcarecus

Shale, dark greenish gray and browmish gr splinte.
bri’.ttle gray, sp TY s

Sandstone, very light gray, very fine grained, calcareous,
firmly cemented; shale, as above

Shale, brownish gray and dark greenish gray, splintery;
mostly dark greenish gray (055-080)

Shale, brownish black, splintery

Sandstone, very light gray, fine grained, shaly,
calcareous; sample, mostly shale

Sandstone, white, fine to medium grained, slightly
calcareous

Sandstone, light greenish gray, very fine to fine grained,
with scattered medium, rounded grains, firmly cemsnted;
thin shaly streaks

Sandstone, very light gray to white, fine grained, friable

Sandstone, very light gray, fine grained, with scattered
medium grains, friable, shaly (greenish gray) some
pyrite

Sandstone, light greenish gray and white, fine to very
fin:nsrained, silica cemented; some scattered medium
gra

Sandstone, very light gray, fine to medium, rounded
grains; shale, greenish gray, blocky

Shale, greenish gray, platy with arenacceous streaks

Sandstone, very light gray, very fine grained, slightly
argillaceous, some iron oxide staining

Shale, medium gray, platy with arenaceous lens; sandstone

greenish gray, very fine grained, argill, approaching
quartzite texture
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13,164 - 167 Shale, brownish black, platy; a lens of medium to 4070 - 4100 Shale, greenish gray
fine grained, rounded sandstone, pyrite cemented spiixg:tory brittl:nd grayish red, platy and
and orthoquartzite, very light gray ?
k100 - h1io Sandstone, pinkish gray to ve i
Ty ht gray, very fine
13,167 - 169 Shale, brownish black, platy t::b:odiun and coarse grained,lﬁighilyy;alczooua,
13,169 - 183 Limestone, light gray, fine to medium crystalline, a subangular to rounded grains
few shell fragm?nts, a little pyrite; with thin 1110 « 43120 Sandstone, pinkish gray, fine to coarse grained, rounded
layers of greenish gray and subangular, mostly loose g grains s
13,183 -~ 20k Limestone, light gray, fine to coarsely crystalline, a 4120 - 4130 S s
little pyrite and glauconite; thin layers of greenish am'i;nio ::;c’is::g:ma:oagg::se' rounded quartz grains;
gray shale >
4130 - 4150 Sandstons, grayish orange pink £
13,204 - 206 Dolomite, light brownish gray, fine to medium crystalline ’ nge pink, very fine to fine
’ and li,mestone, as above erained, friable, very slightly calcareous
4150 - 160 Sandstone, pinkish to v light i
13,206 - 208 Limestone, light brownish gray, medium to coarsely » gray ery light gray, very fine
crystalline fragmental, traces of pyrite and glauconite to fine grained, very slightly calcareous, friable
L160 - 4180 Dolomite, pale red, fine to medi
13,208 - 226 Limestone, light brownish gray, fine to medium crystelline ? ’ medium crystalline, sandy,
scattered thin layers of medium gray shale traces of glauconite; some sandstone, as above
1180 - 4210 Sandsto inkis
13,226 - 228 Shale, medium dark gray, platy to flaky, calcareous gmiia,pmgh’éé’ﬁ]“.ﬁﬁfﬁﬁz: ;;fz liiugg n& fine
13,228 - 230 Shale, as sbove; interbedded with limestone, light 4210 - 1220  Sand, loose, fine to v
brownish gray, fine to medium crystalline qr’mrtz g;ains; a rc:rihg:r:?o:.m :o rot;nled,
13,230 - 238 Limestone, light brownish gray, fine to medium crystalline 4220 - 2 Ora
slightly fragmental, traces of shale and glauconite 35 nge-pink granite
13,238 - 253 Interbedded limestone, light brownish gray, fine to Calvert Exploration Company - J. Bender No. 1

medium crystalline, and shale, medium dark gray NW 1/ NW 1/L sec. 19, T. 130 N., R. 69 We, McIntosh County

North Dakota Geological Survey Well No., 621

13,253 - 255 Limestone, light gray, very finely crystalline
Depth
13,257 « 329 Limestone, light gray, finely to medium crystallinej with P Lithology
shale interbeds; traces of glauconite 3430 - 3467 Limestone » yellowish gray, very finely crystalline
13,329 - 348 Limestone, as above; with shale layers, glauconitic and 3467 - circulation - 1 hr. - Sample mostly limestone, as above; some
2

13,348 - 352

shell fragments

Limestone, as above; with brachiopod fragments

loose, subangular quartsz; some shale, various shades
of gray; a few pieces of siltstone, light greenish
gray, calcareous

e Ting, fatinel) soms Intevpested sots o 367 - 3450  Sbale, greenish gray, 5 GI 6/1, platy, silty
Calvert Exploration Company - North Dakota State No. 1 3490 - 3500  Siltstons, very light gray, calcareous
ggritfh})amlgo%a/h(}::it;giggll‘s'uisgymﬁe% SZ .wlll”o??dg.rgg:::y ks 3500 - 3520  Shale, greenish gray and medium gray, platy to flaky
Depth Lithology 3520 - 3640 Shale, greenish gray, splintery
333753 - ig"??g gk?ar{efo;:e::ﬁ;egsray, splintery to platy, brittle 3640 - 3650 Sang.:t:ll::;every light gray, fine to medium grained, shale
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3653 =« circulation - Sandstone, very light gray, fine grained,

3650 - 3670
3670 - 3700

3700 - 3760

3760 - 3780

3780 - 37%0

37% - 3820
3620 - 3830

Ohio €il Co

NE 1/4 SW

glauconitic, calcareous; some sandstone, as above;
shale, greenish gray

Sandstone, glauconitic, as above

Dolomite, very light gray, fime grained, silty,
glauconitic; yellow stained (3690-3700)

Dolomite, very light gray, fine to medium grained,
glauconitic; a little sandstone, very light gray,
fine grained, glauconitic

Sand, fine to coarse, loose, rounded, frosted, quarts
grains; dolomite, as above (3760-70)

Sand, locse as above; some chips of chalky white,
weathered granite?

Samples, as above with some chips of fresh pink granite
Pink granite

- Sioux Tribal No. 1

sec. 29, T. 131 No, R. 80 W., Sioux County

North Dakota Geological Survey Well No. 631; Circular 91

Depth
5590 ~ 5620
5620 - 5650
5650 - 5690
5720 - 5730
5730 - 5740
5740 - 5780
5800 - 5820
5820 - 5830
5840 - 5850

5860 - 5870

5870 - 5880

Iithology
Limestone, yellowish gray, finely crystalline
Limestone, as above; some chert, white
Sandstone, very light gray, very fine to fine grained
Shale, greenish gray, 5 G 6/1, splintery
Shale, pale brown, 5 IR 5/2, splintery
Shale, greenish gray, 5 G 6/1, splintery
Shale, as above
Sandstone, fine to medium grained, pyrite cemented

Sandstone, fine to medium grained, rounded, friable
(sample mostly green shale)

A few chips of fine grained, white sandstone, slightly
calcareous

Some loose, fine to medimm, rounded, frosted, quarts
grains
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5890 - 5907 Some loose grains, as above

Calvert Exploration Company - M, Meyers No. 1

SE 1/4 sW 1/4

sec. 25, Te 137 No, R, 67 H., Stutsman Gounty

North Dakota Gsological Survey Well No. 668

Depth

Lithology

3500 - 3550 Shale, greenish gray, splintery

3550 - 3590 Samples poor; some grayish red shale from 3580-90
3591 ~ circulation 1 hr, - Sandstone, mostly loose, fine to medium,

3590 - 3600
3600 - 3620

3630 - 3670
3670 - 3680

3680 - 3690

3690 - 3700

rounded to subrounded, quartz grains
Sandstone, as above

Dolomite, very pale orange, very finely crystalline;
some sandstone, as above

Sandstone, pale red, fine grained, dolomitic

Sandstone, pinkish gray to pale red, fine to medium
grained, dolomitic, traces of glauconite

Sandstone, as above and loose, fine to coarse, rounded
to subrounded grains

Sandstone, as above and dark igneous rock (metamorphic?)

3700 - circulation, dark gray, ignecus rock

W1/ W l/N

Depth
3540 - 3570

3570 - 3610
3610 - 3640

3640 - 3730
3730 - 37h0

3740 - 3760

Calvert Exploration Compeny -~ V. Wansek No. 1
86cC. 12 To 139 N. Ro 67 We Stntl_.n com
North Dakota Geological Survey Well o, 673 w

Lithology

Limestone, very light gray, fine grained; a liitle chert,
white and pinkish gray, finely crystalline, dolomite

Sandstons, very light gray, fine grained, calcareous

Shale, greenish gray, silty, calcareous, platy, some
sandstone, as above; much limestone cave

Shale, greenish gray, platy to splintery, britile

Shale, grayish red and greenish gra laty to fla
and splin gray, platy ky

Shale, pale brown and greenish gray, splintery, brittle
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3760 - 3770

3770 - 37%0

3790 - 3810

3810 - 3880

3880 ~ 3890

3690 - 3899

Sandstone, loose, fine to medium, rounded, quarts;
shale, as above

Sandstone, pale red, fine to medium grained, slightly
dolomitic; some coarse grains, rounded

Sandstone, pale red as above, mostly medium to coarse
grained and sandstone, pinkish gray to very pale
orange, very fine to fine grained, quite friable,
traces of glauconite

Dolomite, pale red, medium crystalline, sandy,
glauconitic grading to pele red, dolomitic sandstone

Sandstone, pale red, dolomitic, fine to medium rounded
grains, loose

Ioose, fine to coarse grained, subangular to rounded
quarts grains and orange pink granite

6090 - 6130 Shals, greenish gray, and olive gray, splintery,
slightly caleareous; 2 Brachiopod specimens (90-00)

6130 - 6170 Shale, greenish gray and brownish gray, splintery;
greenish gray shale, slightly calcareous

6170 - 6200 Shale, greenish gray, splintery

6200 - 6250 Samples, same as above

6260 - 6270 Samples, mostly cavings as above; cne chip of sandstone,
very light gray, fine grained

6270 - 6280 A few pieces of sandstomns, fine to medium, rounded quarts,
silty

6280 - 6290 A few pisces of sandstone, very light gray, very fine
to fine grained

6290 -« 6300 A few loose, medium to coarse, rounded quarts grains

Calvert Exploration Company - F, L. Robertson No. 1
NE 1/ NE 1/} sec. 26, T. 138 N,, R, 67 W,, Stutsman County
North Dakote Geological Survey Well No. 673

Cardinal Drilling Company - N. A, Graves, Federal Land Bank No. 1
NE 1/4 NE 1/} sec. 23, T. 146 N., R. 66 W., Foster County
North Dakota Geological Survey Well No. 1112

Depth Lithology
3420 - 3450 Limestone, very light gray, finely crystalline to very
finely erystalline, a little white chert
3450 - 3480 ILimestone, very light gray, fine grained, earthy
3480 - 3500 Sandstone, light gray, fine grained, calcareous
3500 = 3530 Shale, greenish gray, flaky, calcareous, silty
3530 - 3540 Poor sample
3540 ~ 3550 Shale, greemnish gray, platy, calcareous
3550 -~ 3670 Shale, greenish gray, splintery, brittle
3670 - 3680 Shale, as above; a few chips of granite

Depth Lithology

3450 - 3460 Limestone, very light gray, finely crystalline to
sublithographic

3460 - 3470 Limestone, very light gray, fine grained to finely
crystalline, some white chert

3470 - 3500 Limestone, as sbove; shale, light greenish gray, 5 G 8/1,
very calcareous; (3480-3490) very poor sample

3500 - 3520 Poor samples

3520 - 3560 Siltstone, light greenish gray, calcareocus; shale, light
greenish gray to greenish grgy, calcareous; mostly
shale (3530-60)

- 3560 - 3570 Shale, greenish gray, splintery, very slightly calcareous;

Caroline Hunt Trust Estste -~ Board of University and School Lands No, 1
KE 1/4 NE 1/k sec. 36, T. 1k N., R. 75 W., Burleigh County
North Dakota Geological Survey Well No, 701

Depth Lithology
6000 = 6070 Limestone, very light gray, finely crystalline to fine
grained

6070 -~ 6090 Shale, dark greenish gray to medium dark gray, splintery,
slightly calcareous
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a 1little olive gray, shale, splintery
3570 - 3610 Shale, greenish gray, splintery
3610 - 3630 Shale, greenish gray and grayish red, splintery, brittle
3630 - 3640 Shale, pale brown, 5 YR 5/2

- 129 -



SB

3640 - 3650
3660 -~ 3700
3700 ~ 3710

3710 - 3720

3720 - 3740

3740 - 3760

3760 - 3770

3770 - 3800

3800 - 3802

Wetch, Zachmeier and Dis Drilling Company
SE 1/ sec. 9, T."ila N., R, 62 W., Eddy County

Shale, greenish gray and grayish red, splintery, brittle
Shale, as sbove

Sandstone, fine to medium grained, friable; much loose,
medium to coarse, rounded quarts grains

Dolomite, grayish red, 5 R 4/2, fine to medium crystalline,
glauconitic

Dolomite, grayish pink to grayish red, fine to medium
erystalline, glauconitic, silty

Dolomite, grayish red, fine to mediwm crystalline,
glauconitic, silty with scattered sand grains

Dolomite, grayish red, 5 R 4/2, fine to medium and
coarsely crystalline, glauconitic, aremaceous

Sandstone, medium to very coarse, rounded to subangular,
loose quartz; a little fine to medium grained,
cemented sandstone

Pink granite

~ Co E, Blaskey No. 1

North Dakota Geological Survey Well No. 127L

The samples from 2,810 to 3,030 were not corrected for sample lag.

Depth
2750 - 2770

2770 - 2800
2800 - 2810
2810 - 2870

2870 - 2880

Lithology

Limestone, very pale orange, very fine grained to finely
crystalline, with a few scattered shell fragments

Limestone, very light yellowish gray, very fine grained
to finely crystalline, scattered shell fragments,
scattered reddish mottling; and limestone, as above

Limestone, very light gray, finely crystalline to fine
grained, scattered shell fragmemts; some chert,
white and light gray

Limestone, very light gray to yellowish gray, finely
erystalline to fine grained, & few scattered shell
fragments, a few scattered pieces of chert

Limestone, as above; a little Dolomite, very pale orange,
finely erystalline; some chert, white
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2880 - 2900 Dolomite, grayish orange pink, finely crystalline;
limestone, yellowish gray to grayish orange pink,
finely crystalline to fine grained, scattered shell
fragments, some white chert

2900 - 2910 Dolomite and limestone, as above; & little shale, medium
light gray with a greenish tinge, platy, calcareous

2910 - 2920 Shale, mediwm light gray, platy, calcareous

2920 - 2960 Shale, pale red, 5 R 6/2, greenish gray, 5 G 6/1; platy,
very slightly calcareous

2960 - 2990 Shals, as above, very calcareous in part

2990 ~ 3000 Shals, grayish red, splintery, compact

3000 - 3030 Shals, as above and greenish gray, splintery; poor

samples, much cave from Red River

3036 - circulation - Sandstone, fine to medium, rounded to subrounded,

loose, colorless quarts greins

3045 ~ 3060 Sandstons, as above, with a few coarse grains

3060 - 3080 Sandstone, grayish red, very fine to fine grained,
dolomitic, silty, color from iron staining; loose
sand, as above

3080 - 3100 Sandstone, grayish red, very fine to medium grained,
firmly cemented, silty in part

3100 - 3102 Samples as above, with a few pieces of weathered granite?

Calvert Drilling, Incorporated - R, Craig No. 1
W 1/L NW 1/h sec, 25, T. 136 No, R. 71 W., Logan County
North Dakota Geological Survey Well No. 1347

Depth Lithology
4100 - 4140 Limestone, very light gray, fine grained, fragmental
4140 - 4170 Sandstone, very fine grained, silty, calcareous
4170 - 4200 Samples porr; some sandstone, as above, some medium gray
shale; some limestone cavings
4200 - 4210 A few pisces of shale, greenish gray, flaky
4210 « 4334 Shale, greenish gray, splintery, brittle
4330 - 4342 Sand, white, fine to medium grained, rounded, quartsose
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4340 « 4350
4350 - 4360
4360 - 4370

L4380 - L3%0

k390 - Lk20

hk20 - LL50
Lk50 - Lh70

k70 - L5LO

ksko - k560

4562 -

Sandstone, very pale orange, very fine grained, frisble
A couple of chips of sandstone, as above

Sandstone, very light gray and very pale orange, very fine
to fine grained

Sandstone, very pale orange to grayish red, very fine
to fine grained, friable, traces of glauconite

Sandstone, as above and mod. red, dolomite, sandstone
grading to mod. red dolomite, medium crystalline,
sandy, traces of glauconite

Sandstone, very pale orange to grayish pink, very fine
to fine grained, friable, mod. glauconitic

Sandstone, pinkish gray to mod. red, fine to medium
grained, dolomitic grading to sandy dolomite

Dolomite, pale red to grayish pink, fine to medium
crystalline, arenacecus; some dolomitic sandstone,
as above; traces of glauconite

Sample mostly shale cave; some dolomite, as above; some
Joose, medium to coarse grained, tounded quarts

Granite, no samples

Amerada Petroleum Corporation - North Dakota “A®* Unit No., 9
SE 1/k SW 1/k sec, 16, T, 156 N., R. 95 W., Williams County
North Dakota Geological Survey Well No. 1385

Depth
13,933~943

13,9U6-961
13,961

13,963-990

Lithology

Sandstone, white, fine to very fine, rounded, silica
cemented, quartzose; (shale, greenish gray at (13,933)
sandstons, some quite friable, some firmly cemented;
& few thin shaly streaks and some black carbonaceous
material beginning at 13,940

Sandstone, mottled light to medium gray, very fine to
fine, rounded, quartz grains; black carbonaceous and
shaly material gives the mottled appearance

Sandstone, light gray, very fine to fine, rounded
quartz grains, very little carbonaceous material,
some pyrite cement associated with the carbonaceous
material .

Sandstone, as from 13,946-961
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13,990 - 14,008 Sandstone, light gray, very fine to fine, rounded

14,013 - 021

14,021

14,022 - 027
U,027

quarts grains; little carbonaceous material and pyrite

Sandstone, white and medium gray, mottled, very fine to
fine, rounded, slightly frosted; carbonaceous
mottling and pyrite associated with the carbonaceous
material

Sandstons, light gray, very fine to fine grained,
colorless, rounded to subangular, quarts grains, small
amounts of pyrite

Sandstone, as from 14,013-021

Sandstone, as above; with shals, medium gray, in thin
layers

14,0304 - 061 Sandstone, 1light gray, very fine to fine, rounded to

111,069 - o”

1);,090 - 095

lh,°95 - 105

14,105 - 110

14,110 - 120
14,120 - 125

Core
1“,129 - 13h

U,134 - 139
1’4’139 - l“-l

,1hk - 154

subangular quartz, some fine to medium

Sandstone, colorless to white, very fine to fine grained,
silica cemented; with a little shale, medium gray,
sandy, fine, rounded quarts

8andstone, colorless to white, very fine to fine grained;
with scattered shale grains and increased amount of
medium gray shale and shale stringers

Shale, medium gray, sandy and shaly sandstone, very f ine
to fine grained, rounded

Sandstone, white to colorless, very fine to fine grained,
quartz; light gray shale; some medium gray shale
stringers

Shale, greenish gray and medium gray, platy, with some
sandy streaks; some sandstone, as above

Shale, greenish gray and pale red, splintery; some sandstone,

as above

Sandstone, pale red, very fine to medium, rounded, frosted
quarts grains

Sandstone, white, very fine to medium, rounded, frosted
quarts; a little white argillaceous cement

Sandstone, white, very fine to medium, rounded, frosted,
quarts

Sandstone, very light gray, very fine to fine grained,
rounded, argillaceous
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11‘,]-51‘ - 162
14,162 - 167

14,167 - 174

lh,lah - 189
14,189 - 199
k4,199 - 224

1,271 - 276
1,276 - 281
1,281 - 291

Samples
14,293 - 295
14,295 - 300

113,300 - 3]5
14,315 - 320
14,320 - 340

]-h’Bho - 3,45
1,345 - 350

14,350 - 375

1,385 - 3%
14,390 - 395

u-b395 - hoo
14,400 = 405

Shale, grayish red, compact

Sandstone, white, very fins to medium grained, contains
conodonts

Shals, greenish gray with interbedded thin sandstone
streaks

Sandstone, very fine to fine, rounded, frosted grains
Quartzite, colorless, oil stained on fractures

Sandstone, colorless, very fine to fine grained, silica
cemented )

Sandstone, white, very fine grained, silica cemented
Sandstone, as above with shale stringers, medium gray

Shale, medium gray

Shale, as above

Dolomite, brownish gray, finely crystalline, dense,
slightly limy

Limestone, brownish gray, finely crystalline, dense,
shale, medium gray

Limestone, brownish gray, very finely crystalline, dense,
fragmental

Limestone, medium gray, very fine to finely crystalline,
fragmental, glauconitic

Limestone, as above; some shale, medium.gray

Limestone, as above; sandstone, white, fine to medium,
rounded grains, silica cemented

Sandstone, white, fine to medium, rounded grains, silica
cemented

Sandstone, as above

Sandstone, as above; a little limastone, light gray, very
finely crystalline

Dolomite, medium gray, finely erystalline, argillaceous

Dolomite, as above; some medium gray shale
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lh,hOS - hJS
lk,hJ.S - bzo

lh,hzo - hzs
lh,h25 - ,-‘27

1,427 - U35
A, 435 - Léo

1,460 - L85
1,465 - K83

14,485 - 505

1,505 - 545
1,5u5 - 560
14,560 - 610
14,610 - 620
14,620 - 625
14,625 - 685
14,685 - 695
1,695 - 705

k4,705 - 720

Limestone, light gray,very finely crystalline, slightly
argillaceous

Limestone, medium gray, finely crystalline, fragmental;
shale, medium gray, platy, slightly calcareous

Shale, as above

Shale, mediuwm gray and greenish gray, platy, slightly
calcarsous

Limestone, light gray, finsly crystalline; shale, as above

Shale, medium dark gray, platy, compact, splintery, some
limestone as above

Shale, as above; a little limestons, very finely crystallins,
glauconitic

Limestone, very light gray, very finely crystallinms,
slightly glauconitic, fragmental; much shale, as above

Limestone, very light gray and light brownish gray, very
finely crystalline, fragmental, slightly glauconitic;
shale, greenish gray and medium dark gray, splintery,
slightly calcareous

Limestone, light gray, very finely crystallines, fragmental,
slightly glauconitic

Shale, medium dark gray, splintery, brittle; some limestons,
as above

Limestone, light gray to medium gray, very finely crystalline;
soms shale, as above

Limestons, as above; a litile sandstons, dirty gray, fine
grained, argillaceous; shale, medium dark gryy

Shale, medium dark gray, platy, with sandstone lenses
and scattered sand grains; some sandstone, as above

Limestone, light gray, finely crystalline, glauconitlc;
a little sandstone, and shale, as above

Limestone, very light gray, finely crystalline, slightly
argillaceous, glauconitic and sandy

Limestone, as above; some sandstone and shale, interbedded,
greenish gray and red stained, sand, fine grained

Sandstone, very fine to fine grained, rounded, argillaceous

with some sandy shale, medium gray; a little limestone,
as above
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k4,720 « 735
1,735 - 770
1,770 - 795

1,795 - 800
111,800 -

Limestone, light gray, fine to medium crystalline, very
glauconitic

Sandstone, white, very fine to medium, rounded, frosted,
quartz, silica cemented

Weathered Precambrian, orange-pink Syenite; some rounded
sand grains

Syenite, orange pink
Syenite, light gray

Calvert Drilling, Incorporated - M, Kamm No, 1
NW 1/L Nd 1/ sec. 22, T, 129 N., R. 66 W., Dickey County
North Dakota Geological Survey Well No. 1394

Depth Lithology

2800 - 2920 Limestone, grayish orange pink, fine to medium crystalline,
fragmental; some white chert a little more reddish
colored and shaly 2890-2920

2920 - 2540 Sandstone, very light gray, very fine grained, silty,
slightly calcareous; most of sample is limestone, as
above

2940 = 2990 Very poor samples

2990 - 3100 Shale, greenish gray, splintery, waxy

3100 - 3110 Sandstone, loose, fine to medium, rounded quartz grains;
shale, cave

3110 - 3130 Poor samples, traces of grayish red shale, with glauconite

3130 - 3165 Sandstone, pale red and yellowish gray, fine to medimum
grained, dolomitic, glauconitic

3165 - Granite, light gray, weathered, gneissic texture

Amerada Petroleum Corporation - Boe, Glson Unit No. 1
NE 1/ sec. 15, To 155 No, Re 96 W., Williams County
North Dakota Geological Survey Well No. 1403

Depth Lithology

13,456 - 468 Sandstone, light gray, fine grained, rounded to subangular,
some staining, quartsose

13,480 - 502 Sandstome, very light gray, very fine to fine grained,
subangular and rounded, quartzose; much carbonaceous
materisl, some light oil stain at 481
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13,506 - 508

13,509 - 510

13,51 - 520

13,530 - 5’48

13,548 - 592

13,685 - 700

13,700 - 702
13,702 - 709

13,709 - 713
13,713 - 723

13,723 - 738

13,738 - 7L8

13,748 - 755
13,755 - 760

13,764 - 786

Sandstone, white, very fine to medium, quartsose,
rounded and subangular; scattered light oil stain

Sandstone, as 480-502; a few thin medium dark gray
shale stringers at 13,510

Sandstone, white, very fine to medium, rounded, frosted,
quartzose; scattered stain, pyrite cement and a
little carbonaceous material

Sandstone, light gray, very fine to fine grained; with
much carbonaceous material giving it a mottled
appearance

Sandstone, medium light gray, very fine to fine grained,
rounded to subangular, firmly cemented with silica,
soms pyrite cement, no carbonaceous material, some
oil stain at 13,561:; rest nearly white to 13,592

Sandstone, light gray, very fine to medium, rounded and
subangular, quartszose, some silica cement, mostly
modium rounded, oil stained; becomes finer grained at
13,693 and coarser again at 13,695

Shale, medium gray, blocky

Sandstone, light gray, fine to medium, rounded, colorless
quartz; scattered carbonaceous streaks and shale streaks

Sandstone, light brownish gray, very fine to fine grained,
dolomitic

Dolomite, light gray to light brownish gray, finely
crystalline, with thin shale streaks

Limestone, light gray to light brownish gray, finely
crystalline; some shale, medium gray in thin layers
and bands

Limestons, brownish gray, fine to medium crystalline,
recrystallized fragmental, with dark to medium dark
gray shale layers and bands, shale layers nearly 50%

Limestone, medium gray, very finely crystalline, very
argillaceous

Limestone, light brownish gray, fine to medium crystalline,
fregmental

Limestone, light gray, very finely crystalline, argillaceous;
with medium dark gray shale layers, nearly 50% shale
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13’786 - 850

13,850 - 875

13,875 - 880
13,880 - 05

13,”5 - 915

13,915 - 935

Linestons, light gray, fine to medium crystalline,
fragmental (one foot of conglomerate), some shale
layers

Limestone, light gray, finely crystalline, fragmental,

sandy, argillaceous, traces of glauconite; some
shale, greenish gray and medium dark gray

Shale, mediuwm dark gray, platy

Shale, medium dark gray to dark greenish gray, platy,
some arenaceous streaks; (sample generally poor)

Shale, as above; limestone, brownish grey, very finely
crystalline

Limestone, medium light gray, finely crystalline, some
with traces of glauconite; shale, as above

13,935 = 14,000 Limestone, very light grey, finely crystalline to

14,000 - 010

1'4,010 - 015
14,015 - 040
14,040 - OL4S

14,045 - 060

14,060 - 15

111.115"151&

finely gramular, glauconitic, fossiliferous, fragmental

Limestone, very light gray to light gray, finely
crystalline, sandy, shaly, glauconitic

Iimestone, as above; shale. medium dark gray, platy

Limestone, as above

Limestons, very light gray to white, finely crystalline,

granular

Sandstone, very light gray to light brownish gray, very
fine to fine grained, argillacecus;’ some medium dark
gray, shale with sanastone streaks; limestons, light
gray, fine grainea, gramular, silty, some with
glauconite

Limestone, very light gray to white, finely crystalline,

fragmental, glauconitic, silty

Syenite wash; orange pink feldspar, some greenish
weathered mafics?; a few pieces of limestone with
inclusions of pink feldspar

Dakanont Exploration Corporation - H. E. Jacobson No. 1
Sw 1/4 NE 1/k sec, 6, T. 162 N., R. 96 W., Divide County
North Dakota Geological Survey Well No. 1ili3; Circular No. 212
Depth Lithology
11,330 « 370 Red River cave
11,370 - L1} Shale, greenish gray, nearly fissile to splintery

11,414 - 43, Shale, greenish gray to dark greenish gray, splintery
and flaky

11,434 - b0 Sandstone, very fine to fine grained, rounded to subangular,

firmly cemented; much shale, as above
11,440 « 450 Sandstone and shale, as above
11,450 - Shale, greenish gray to dark greenish gray
Core

11,439 - 4kl Sandstons, white, very fine to fine grained, subrounded
to subangular, slightly friable, quartzose

11,Lbk - Sandstone, very fine to medium grained, rounded to
subangular, firmly cemented, argillaceous

11,445 - L6 Sandstone, white, very fine grained, silica cemented,

some pyrite

11,479 - 8andstone, mediwm dark gray, very fine grained, firmly
cemented, argillaceous

11,481 Shale, dark gray to grayish black, splintery

11,483 Sandstone, mottled, oolorless to medium gray, very fine

to medium, subrounded to subangular, quartzose with
some shaly mottling

11,485 Sandstone, medium dark gray, fine to mediwa, reunded, shaly
11,486 Sandstone, white, fine to medium, rounded to subangular,
quartsose

Amerada Petroleum Corparation - Ulven Unit No. 1
NE 1/h sec. 3L, T. 156 N., R. 96 W., Williams County
North Dakota Geological Survey Well No. 151k

Depth Lithology
13,540 - 550 Shale, greenish gray to dark greenish gray, fissile

13,730 - 735 Sandstone, white and pinkish gray, very fine to medium
grained, silica cemented; mostly quartzose sandstone;
some sandstons has light greenish gray shale lenses
and a shaly mairix
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13,750 - 760

13,855 - 860
13’8” - 900
13,900 - 920
13,920

Core
13,930 - 935

13,935
13,951 - 956
13,956 - %61

13,961 - 967
14,010 - 016

1h’055_- 070
14,070 - 100

1)4,100 - 115
1,115 - 225

1&:225 - 235

Sandstone, white to very light gray, very fine to medium
grained, silice cemented, rounded, frosted, clean
quartzose sand.

Sandstone, as above

Sandstone, white, very fine to medium, rounded grains,
cemented with silica to an orthoquartzite, a little
greenish gray shale with sandy lenses

Sandstone, as above, some iron staining, increasingly
reddish gray $05-915

Shale, grayish red, medium dark gray and greenish gray;

some grayish red, argillaceous sandstons, quartsitic
sandstone, as above

Sandstone, very light gray, fine to medium grained,
rounded to subangular, silica cemented, slight oil
stain and interbedded grayish red to greenish gray,
sandy shale and argillaceous sandstone

Sandstone, very light gray, as above

Sandstone, very light gray to light browmish gray, very
fine to medium rounded to subangular grains, micaceous,
arkosic

Sandstone, white, very fine to medium, rounded, frosted
grains, firmly cemented with silica

Dolomite, brownish gray, fine to medium crystalline

Sandstone, white, very fine to medium, rounded, quartszose,
silica cemented

Limestone, light gray to brownish gray, finer to medium
crystalline, fragmental

Limestone, white to medium light gray, fine to medium
crystalline, fregmental, traces of glauconite

Limestone, light gray, finely crystalline, dense

Limestone, light grey to medium gray, fine to medium
crystalline, fraggental, glauconitic

Limestone, as above; one chip of limestome includes a
large fragment of orange-pink feldspar
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14,235 - 250 Samples, limestone light gray to medium gray, fine to
medium crystalline, glanconiticj increased amounts
of cavings

14,250 - 305 Limestone, as above, one chip of orange-pink feldspar

14,305 - 310 Limestone, light gray, fine to medium crystalline,
glauconitic contains numerous fragments of syenite

14,310 Limestone, white to very light gray, fine to medium
crystalline, minor smounts of syenite

Description of Surface Sections

Section 1 - Located at the northeastern extremity of Deer Island,
Lake Winnipeg, Maritoba

Lithology Thickness

Red River Formation Feet Inches
Limestone, yellowish gray, mottled, dolomitic; overlain by
glacial drift; contact with underlying beds sharp
Winnipeg Formation

Sandstone, yellowish gray, very fine grained, grading into
siltstone, well consolidated, slightly calcareous 0 2

Sandstone, yellowish gray to white, fine to medium grained,
rounded, frosted, quartzose, poorly consolidated L 5

Sandstone, greenish gray, fine grained with an argillaceous
matrix interbedded with sandstone, yellowish gray, fine
to medium grained, clean, quartzose, poorly consolidated.
Beds are one to four inches thick; predominately
yellowish gray in the upper part 5 h

Shale, greenish gray, with sandy lenses and "floating" sand
grains throughout; some lenses of relatively pure sandstonel3 6

Thickness of Section 23 feet 3 inches
Sandstone, yellowish gray to white, fine to medium, rounded,

frosted, well consolidated, quartzose sandstone exposed
at lake level.
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Section 4 - Locality A, SW 1/k sec, 13, T. 5 N., R. 3 E., Lawrence

Section 2 - Located just east of a prominent point along the north shore County, South Dakota
of Punk Island, Lake Winnipeg, Manitoba and southeast of Grindstone
Point Lithology Thickne;:
g Feet Inches
Lithology Thickness Whitewood Formation
Inch A
Winnipeg Formation Feet Inches Limestone, yellowish gray, silty, dolomitic Undeterminsd
Govered Interval Winnipeg Formation, Roughlock Member
SO orionish gray, fine to medium grained, poorly s Siltstons, very light gray and grayish orange; some thin
shaly stringers 7 3
Sandstone, yellowish gray, fine to medium grained, slightly
Siltstone, very light gray; some greenish gray shale
argillaceous, poorly consolidated b stringers; more argillaceous than above 3 o
Siltstone, medium gray to yellowish gra itiferous .
gradi,.ng into i f{ne gi"ained sa.ngst}or;xepyr ’ 1 6 Siltstone, very light gray and grayish red b 0

Siltstone, very light gray, with a few greenish gray
shale stringers 5 6

Winnipeg Formation; Icebox Member
Sandstone, light gray to yellowish gray, very fine to
medium grained, firmly cemented with ferruginous and Shale, olive greenish gray -2 6

silica cement - exposed near lake level Total Thickness 22 fest 3 inches
Thickness of Section 21 feet 3 inches

Sandstone, yellowish gray, fine to medium grained, rourded,
frosted, poorly consolidated 7 1

Section 5 ~ Locality B - SE 1/k sec. 14, Te 5 N., Re 3 E., Lawrence

Section 3 - Located a few hundred yards west of section -, wiong the County, South Dakota
north shore of Punk Island., This section is largely covered by
slump, but the contact with the Red River formation is well exposed Lithology Thickness
Lithology Thickness Winnipeg Formation, Icebox Member Feet Inches
Red River Formation Feet Inches Shale, greenish gray to olive gray, contains scattered
Limestone, yellowish gray, dolomitic, mottled; overlain phosphatic nodules L
by glacial drift undetermined Shale, greenish gray to olive gray 6
Winnipeg Formation
Sandstone, yellowish gray to light gray, fine to medium Shele, greenish gray, scattered reddish iron staining 10
rained, slightly calcareous about
g ’ ghtly ut 5 feet thick Shale, greenish gray, olive gray and pale orange, with
Mostly covered interval; some samples of greenish gray fine to medium, rounded, frosted, "floating" sand
shale were obtained from this interval about 21 feet grains and sand lenses 2
Contact of basal sandstone unit and overlying shale was
found at about 19 feet above lake level. Deadwood Fomation
Sandstone, fine to medium grained, quartzitic, contains
Sandstone, yellowish gray, fine to medium grained, poorly Skolj’.t.hoa & > 9 ’ Th:,iigﬁ;:dmt
consolidated, partially covered with slump about 19 feet -
. —_— Total thickness of
Thickness of Section about 45 feet Winnipeg formation 33 feet

-3 -
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APPENDIX C Black
Well Number Roughlock Jcebox Island Deadwood Precambrisn
LIST OF MEMBER AND FGRMATION TOPS
49 8,60 8,662 8,780 8,8L42 -
Member and formation tops were determined from mechanical logs. ' )
52 9,93k 9,957 10,073 ? -—
Listed below are the depths in feet to the top of each member or formation
61 649uL 6,972 7,097 7,135
for every well for which logs were available. A dash indicates that the ’ - -
6L 6,163 6,172 6,295 6,337 70 6,407
well ended in the next nigher formation and an asterisk (%) denotes that ‘
83 5,324 5,347 5,470 » 5,503
the formation or member is absent in that well, The location of each well
89 k,374 k,l23 L,560 k,573 /97 L,T72
is given in Appendix A, ;
100 h,312 h,BSh h,h82 »* /”h,h%
MEMBER AND FGRMATION TOPS
105 10,736 10,754 . 10,875 ? -
Ho Do G. S. Bhﬁk e
Well Number Roughlock Jeebox Island Deadwood Precambrian 110 6,200 6,225 6,346 6,380 = y 6,43L
15 8,310 8,355  8,u75 8,5% 7% 8,825 120 2,6kl 2,723 2,853 2,867 o 2,917
16 4,873 4,933 5,063 5,078 272 5,350 13k 3,106 3,184 3,314 3,330 ¢ 3,426
19 6,498 6,537 6,664 6,68l 2c~ 6,916 U5 5,608 5,683 5,811 5,828 35 6,163
20 3,040 3,094 3,213 * 3,215 151 75557 7,600 7,728 7,713 2/ 8,088
21 11,866 11,886 12,010 12,054 - 155 5,686 55Tk 5,873 5,886 254  6,1L
22 8,749 8,778 8,896 8,932 - 171 3,618 3,6l2 3,766 * 3,788
23 5,045 5,104 5,240 5,254 274 5,58 174 6,398 6,49 6,577 6,59k 2¢7 6,861
2l 5,17k 5,233 5,362 5,370 737 5,60l 9% 3,590 3,621 3,77 * 3,760
26 7,124 7,190 7,315 7,352 726 7,718 196 3,521 3,559 3,687 3,705 24 3,743
27 3,22L 3,272 3,396 * 3,k0L . 207 5,633 5,677 5,810 5,826 /74 6,020
2 13,400 13,115 13,552 - - 227 3,835 3,863 3,99 * 4,034
38 7,845 7,862 7,976 8,046 /5 8,230 230 ks, 82k Is, 88l 5,013 5,025 ,/< 5,140
39 6,873 6,898 7,022 7,096 /2 17,198 246 3,0L3 3,08k 3,195 * 3,208
ko 3,790 3,856 3,987 L,0l0 72 4,132 287 2,840 2,912 3,043 3,088 </ 3,109
b3 5,347 5,402 5,532 5,545 #2¢ 5,873 291 12,806 12,824 12,917 12,951 -—
L7 8,195 8,205 8,327 8,397 <2< 8,622 295 2,583 2,654 2,790 2,803 o 2,863
316 b1y 7h6 k,770 kL,898 h,921 /7  L,940
- W - -5 -




Well Number . Roughlock Icebox ?:?hcxkxd Deadwood  Precambrian Well Number Roughlock Icebox ]Blsliac:d Deadwood  Precambrian
33 2,993 3,063 3,195 3,210 92 3,292 668 3,372 3,62 3,586 3,595 97 3,694
370 3,004 3,075 3,204 3,217 - 669 3,746 3,817 3,947 3,966 /3 1,097
383 3,083 3,133 3,255 * 3,265 670 3,503 3,572 * * 3,702
3% 3,87h 3,917  L,0u3 * Li,060 611 3,627 3,698 3,828 3,8ui 72 3,937
403 3,372 3,433 3,55 KR 3,53 612 3,565 3,62 3,76 3,7k /18 3,892
Loé 3,014 3,086 3,217 3,234 74 3,308 673 3,L64 3,548 3,615 * ‘ 3,678
ko7 3,028 3,076 3,207 3,206 5o 3,216 _ 682 1,680 1,733 1,852 Mot Logged
lno 12,990 13,004 13,114 13,157 - 68k 6,164 6,196 6,325 6,345 -
L 3,155 3,20b 3,327 * 3,331 689 5,013 5,055 5,187 5,20k -
L22 3,082 3,08 3,178 3,9 693 6,923 6,957 17,086 7,117 -
b3k L2k b2t Lok " 1,28 7% 23 1,h3k 1,503 . 1,546
135 14,363 L2 L,553 » 1,533 . 701 6,022 6,01 6,198 6,220 -
37 3,925 3,97 1,098 Ll 77 4,213 706 4,77l 4,802  L,932 4,966 =<7 1,995
k70 12,277 12,307 12,378 12,L04 - 723 5,623 5,687 5,818 5,833 7 5,850
L85 9,700 9,713 9,803 9,812 - 135 6,115 6,165 6,286 6,304 -
580 670 729 735 760 /33 893 ' 748 5,623 5,677 Not Logged -
590 4,875 h,92 5,088 5,095 - 756 5,90k 5,974 6,10k 6,120 -
609 h,813 4,871 5,005 5,022 — 763 6,704 6,745 6,873 6,848 -
620 3,254 3,306  3,l8 3,458 /<7 3,587 765 6,514 6,562 6,686 6,717 -
621 3,455 3,513 3,643 3,653 =2// 3,870 768 3,576 3,622 3,756 3,717 do 3,87
622 3,560 3,6l 3,76k 3,7 47 3,921 956 13,315 13,353 13,464 13,485 -
631 5,647 5,703 5,827 5,840 - 1105 3,32k 3,32 3,518 * 3,523
632 L,87h b, 5,043 5,056 & 5,13) 112 3,523 3,566 3,700 3,700 4/ 3,791
6l2 4,800 h,843  L,975 5,003 - 1126 3,852 3,912 Not Iogged Not Logged
6l 9 Lozl 353 1,367 sz Loyt | 1211 1,203 LdS6  b,287 1,303 47 by3T2
665 6,560 6,606 6,73k 6,760 - | 1227 2,993 3,053 3,186 3,204 N.Le

- ue- -7 -




Well Number
1231
127k
1347
1356
1385
1394
1403
1409

151
1546
1575
1620
1636
1694
193L
2010
23142
2373

Roughlock
13,232
2,834
k,122
8Lo
13,753
2,881
13,261
65326
11,3L0
13,514
11,595
8,732
10,982
13,595
3,185
2,5k2
#*
2,142
13,763

Icebox
13,250
2,900
L,207
883
13,77k
2,922
13,286
6,380
11,350
13,527
11,603
8,7u6
11,018
13,618
3,226
2,5%
10,820
2,184
13,788

Black
Island

13,380
3,032
liy334

901

13,920
3,067

13,426
6,507

11,430

13,683

11,683
8,840

11,162

13,760
3,34
2,72k

10,900
2,297

13,5963

- 148 -

Deadwood

Precambrian

13,528 57 13,587
3 ’ OhS [/.9 3 ’085

4,350 .7c> 1,550
96 7. 1,086
1,100 £7 14,795

3,080 &7 3,147

13,607
6,523

N.L.

13,872 JZz 1h,4587

8,856
11,177
13,937

*
+*
»*

W,123 /o

3,365
2,735

2,306
2t 15,123

Roughlock

#*

*

*

*
10,102
12,937

9,353
8,818
75206
2,864
8,581
7,656
6,793
1,757
*?

3,623

Icebox
5,216
9,986
8,180
9,822

10,140

12,973
9,376
8,835
7,253
2,904
8,63l
7,690
6,810
7,813
5,575
3,6u7

Black
Island

5,335
9,101
8,253
9,897
10,173
13,08k
9,67

8,725
7,900
6,90L
7,91k
5,675
3,746

- 19 -

Deadwood
»*
9,183
8,313
10,032
10,306
13,110
9,480
8,925
7,317
2,970
8,740
7,912
6,914
1,937
5,693
3,758

Precambrian
5,363

8,563
10,3977

10,395
9,655

9,327
8,292
7,296
8,130
5,936
3,805



The occurrence and abundance of conodonts in the Winnipeg formation.
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